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I. INTRODUCTION 
The original 208 study for the Hampton Roads area 
was a large undertaking. The study area emcompassed several 
hundred square miles and included land uses ranging from 
intensely developed inner-city to sparsely populated rural 
areas. The nonpoint source model STORM was applied to the 
entire study area to provide estimates of future nonpoint 
source pollutant loadings. Similarly, major industrial and 
municipal point sour~es were inventoried, studied and 
future loads projected. The water quality in nine separate 
estuaries which received these point and nonpoint source 
loads was simulated using a variety of mathematical models. 
All these models were utilized to project conditions 
through the year 1995, providing the data necessary to 
develop an area-wide management plan. 
As with all studies of this type and scale, it was 
not possible to address all problems nor was it possible to 
resolve all issues which were studied. The area-wide 
management plan both noted the limitations of the work 
completed and made recommendations for future studies. One 
especially important data need which was noted was the lack 
of information on the effectiveness of and the costs assoc-
iated with the various land management practices (often 
called Best Management Practices or BMP's) which have been 
$Uggested for reduction in nonpoint sourcE~ pollutant loads. 
For.this purpose the Lynnhaven Bay area was designated as 
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the test basin for urban studies and the Nansemond River 
basin for rural studies. Also noted was the lack of water 
quality data for conditions during and following periods 
of stormwater runoff. There was confidence that the STORM 
and estuary models gave realistic projections, but this 
could not be confirmed without a data set for such con-
ditions. For all of these reasons and others, a second 
study of Lynnhaven Bay was initiated in 1980. 
The primary focus of the new study was to test the 
effectiveness of management practices appropriate to the 
urban environment and to assess the water quality benefits 
which would accrue as the result of implementation of good 
management practices. The study included measurements of 
urban runoff and estuarine water quality, the latter during 
both dry weather and following a storm. 
The purpose of this report is to document modifica-
tions of the Lynnhaven Bay model. These changes were 
made to improve the model's predictive capabilities and 
were based on limitations noted during the initial study. 
The refined model has been "fine tuned" using the data from 
the stormwater runoff studies and the September intensive 
survey which followed a storm with rainfall slightly greater 
than 1 inch. 
Appendices to the report include the data from the 
slackwater surveys and the intensive survey. In addition, 
longer term simulations (April through October 1980) of 
water quality have been made to validate the model. The 
figures showing temporal variations in water quality at 
specified locations are given in Appendix C. 
3 
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II. MODIFICATION OF WATER QUALITY MODEL 
The water quality model of the Lynnhaven Bay used 
in the previous 208 study (Ho, Kuo and Neilson, 1977) is 
adopted for this continuing 208 study, with some modifi-
cations and refinements. The model is based on the tidal 
prism concept in which the physical transport processes 
are effected by simulating the flushing of tidal flow 
and freshwater runoff. The segmentation of the river 
for model formulation depends on the magnitudes of tidal 
prism and freshwater runoff. In principle, the model 
segments should be different for different magnitudes of 
freshwater runoff. Therefore, the tidal prism concept was 
developed (Ketchum, 1951) primarily for application to 
the condition of constant freshwater inflow. To extend 
its application to unsteady flow condition such as storm-
water runoff, the mddel should change its segmentation 
within one model simulation run. However, it is impractical 
to do so. As an alternative, the model segmentation is 
allowed to deviate from this principle, and model segments 
are fixed with some reference magnitude of freshwater runoff. 
The calculation of material transport from segment to seg-
ment is modified to account for the variation of freshwater 
runoff during the period of one single model simulation. 
The modified model basically divides the water body 
into two parts: free-flowing stream and tidal river. The 
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dividing point is located at the transect where the accumu-
lated tidal prism upstream of it equals freshwater runoff 
over one half tidal cycle. This dividin9 point may move 
up and down the river in response to variation of freshwater 
runoff. The physical transport processes are simulated by 
the model with different mechanisms for the two parts of 
the water body: advection without mixing in the free-flowing 
stream; advection, tidal flushing, and mixing in the tidal 
river. 
1. Segmentation of Water Body 
The principle of model segmentation and method of 
segment length determination are the sam1~ as those of old 
model, except the model cut-off at the landward end of the 
river. Since the refined model can simulate the transport 
processes in the free-flowing streq.lll as well as those in the 
tidal river, no specific criterion of cut-off at the tidal 
limit is required. The modelled portion of the river is 
extended farther upstream than that of the old model. Both 
the Eastern and Western Branches are modelled up to their 
intersections with Virginia Beach Boulevard. The dividing 
transect between tidal river and free-flowing stream is 
determined internally by the model in response to the 
varying freshwater discharge. The significance of this 
dividing transect is reflected by the different ways of 
simulating the physical transport processes as shown in 
the next section. 
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The model used in the previous 208 study treated the 
Eastern Branch of the Lynnhaven Bay as the main stem and 
the Western Branch as the only first order tributary. To 
improve the spatial resolution, the small creeks along the 
Eastern Branch have been included in the refined model as 
additional first order t~ibutaries. However, those along 
the Western Branch cannot be modelled since the model does 
not handle second order tributaries. Because the Buchanan 
Creek receives point source discharge from the Birchwood 
Garden sewage treatment plant, it is desirable to treat it 
separately from the main stem of the Western Branch. The 
model is modified specifically to treat the Buchanan Creek 
as a single-segment second order tributary. 
The resulting segmentation is shown in figure 1. 
The Lynnhaven Bay - River system is divided into a main 
stem and ten branches. The Eastern Branch, i.e. the main 
stem, is divided into seven segments. The first segment 
is the water body around and outside of the inlet at which 
the boundary conditions are specified for the purpose of 
model operation. The Western Branch is treated as the 
first branch which is further divided into seven segments. 
The first segment coincides with the second segment of the 
main stem and provides the boundary conditions. All other 
branches are the small tributary creeks along the Eastern 
Branch. They consist of a single segment and a junction 
7 
Figure 1. Model segments. 
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segment in the main stem to provide the boundary conditions. 
The Buchanan Creek is labelled as the eighth segment of 
the first branch. However, the model treats it as the 
second order tributary connecting to the sixth segment 
of the first branch. 
2. Calculation of the Concentrations of Conservative 
Substances - Simulation of Physical Transport 
Processes 
As mentioned previously, it is not necessary to 
cut off the model at the limit of tide. The refined model 
can handle the free-flowing stream as well as the tidal river. 
Therefore, the simulation of physical transport processes 
has been modified substantially. This section is presented 
below in its entirety. 
Let 
V 
n 
p 
n 
R 
n 
= low tide volume of the nth segment, 
= tidal prism upstream of the nth transect, 
= total freshwater input upstream of the nth 
transect over half a tidal cycle, 
pn = local tidal prism of the nth segment, 
r 
n 
= lateral input into the nth segment over half 
a tidal cycle, including surface runoff and 
point sources. 
As the tide propagates upstream from the mouth of the water 
body, a volume of water equal to (P 1 -R 1 ) moves upstream n- n-
across the (n-l)st transect and mixes with the water volume 
V present in the nth segment at low tide. Of this mixed 
n 
water, the portion (P -R) moves upstream across the nth 
n n 
transect and mixes with vn+l' etc. On the ebb tide, a 
volume of water {P + R ) moves downstream across the nth 
n n 
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transect, pushing a volume {P 1 + R 1 ) across the {n-1) th n- n-
t1ansect, and so forth, thus completing tidal flushing. The 
flow across the transects bounding the nth segment is shown 
in figure 2. 
The water volume moving across the~ nth transect during 
ebb tide, {P + R ) , may be separated into two parts. The 
n n 
first part is the water in the {n+l) st SE!gment at high tide, 
Vhn+l· This volume of water has a concentration Cn+l' the 
high tide concentration in the {n+l) st SE!gment at the 
beginning of the tidal cycle. 
The remainder of the water moving across the nth 
transect has a volume 
{1) 
This volume of water, Resl, may be further divided 
into two parts. One part is from the direct input to the 
{n+l)st segment, including surface runoff and point source 
disGharges. The remainder comes through the {n+l)st 
transect from segment {n+2). Thus 
Resl = rn+l + Res2 {2) 
If the volume, Res2, is still greater than the high tide 
volume of the (n+2)nd segment, then the volume in excess of 
Vhn+ 2 may be traced further upstream in the same way as Resl. 
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Flood 
Tide 
Ebb 
Tide 
n 
n+lst segment 
p + R 
n n 
p -R 
n n 
nth segment 
p +R 
n-1 n-1 
n-1 
~-+-- P n-1 - Rn-1 
n.-:-lst segment 
V 
Figure 2. Flow across transects at flood and ebb tides. 
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The mass transport into and out o:E the nth segment 
during ebb tide may now be expressed as 
or 
or 
mass in= ETP 
n 
= Ebb Tide Transport across the 
nth transect into the nth segment 
= {P + R ) • cn+l if p +R < Vh l n n n n - n+ 
= Vh • C + Resl (WP n+l + WNP n+l) n+l n+l rn+l 
if p + R > Vh l and Resl < rn+l n n n+ 
{3a) 
{3b) 
= Vhn+l • cn+l + {WP n+l + WNP n+l) + Res2 • cn+2 
l.'f Resl > d R 2 · Vh rn+l an es ~ n+ 2 
{ 3c) 
where WPn+l and WNPn+l are the point source and nonpoint 
source discharges, respectively, into th«~ {n+l)st segment. 
If Res2 > Vhn+ 2 ' the calculation of ETPn should include 
additional terms relating to rn+ 2 , Vhn+J and so forth, 
until the volume P + R is totally accounted for. Similarly 
n n 
mass out= ETPn-l = Ebb Tide Transport across the 
{n-l)th transect out of the 
nth segment. 
= Vh C + {WP +WNP)+ Res2 • cn+l (4) 
n n n n 
It is possible for some of the water that leaves a 
segment during ebb tide to return during the following flood 
tide. This is accounted for by defining a returning ratio, 
a, such that 100a is the percentage of old water reentering 
n n 
through the nth transect at flood tide. The fraction of new 
water entering through the nth segment at flood tide may be 
expressed as {l - a). 
n 
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At flood tide, the volume (P - R ) flowing through 
n n 
the nth transect has the concentration 
where C2 equals the high tide concentration at the end of 
n 
tidal cycle. The mass transport into and out of the nth 
segment during flood tide may be expressed as 
mass in= FTP 
n-1 = Flood Tide Transport into the 
nth segment 
{a. l C + (1 - a. 1 ) C2 1 } (P l - R 1 ) n- n n- n- n- n-
mass out= FTPn = Flood Tide Transport out of 
the nth segment 
The change of mass, ~m, with respect to time is 
~mht =sources+ (mass in) - (mass out) 
In the present development, the change of mass in the nth 
segment over the entire tidal cycle can be represented as 
or 
( C2 - C ) (V + p ) = 
n n n n 
sources + ETP - ETP l + FTP l - FTP 
n n- n- n 
(C2 - C ) (V + p ) = sources+ ETP - ETP l 
n n n n n n-
+ {a. l C + (1- a. 1 ) C2 1 } (P 1 - R 1 ) n- n n- n- n- n-
Letting Vh = V + p , PRF = P - R and separating 
n n n n n n 
the contribution of mass by lateral inflow into point and 
(5) 
(6) 
(7) 
(8) 
(9) 
nonpoint sources, the equation can then be solved for C2. 
n 
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[en+ 
WP + WNP ETP - E~TP 
n-1 C2n = n n + n 
Vh Vhn n 
PRF 
n-1 + {a l C + (1 - an-JL) C2 } 
Vhn n- n n-1 
PRF 
+ n 
Vhn 
PRF 
(an cn+l> J / 
{l + n (1 - a ) } (10) 
--- n Vhn 
ETP and ETP 1 depend on concentrations at the beginning n n-
of the tidal cycle. 
For segments landward of the transect at which P = R , 
n n 
the creek behaves as a free-flowing stream and no water is 
transported landward during flood tide. The total volume 
of water flowing through a transect over a tidal cycle is 
2R. The mass-balance of a conservative substance in the 
n 
nth segment becomes 
+ point sources 
If 2Rrt > Vhn+l' the residual volume of water, 2Rn - Vhn+l 
has to be accounted for by involving the direct discharge 
and volume at furthe·r upstream segment. The procedure is 
the same as the case in tidal river. 
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Therefore 
C2 
n 
WP 
n 
+ WNP 
n ( 11) 
If mis the total number of segments, (m-1) equations 
will be obtained by writing equations (10) or (11) for n=2 
tom. The (m-1) equations may be solved for the (m-1) un-
knowns, C2, if the initial concentrations, C and two 
n n 
boundary conditions, c21 and C2m+l are specified. The 
principal operation of the numerical computation is then 
to compute the concentrations in each segment at the first 
tidal cycle with a given or assumed initial concentration 
field at th~ zeroth tidal cycle. The computed concentration 
field at the first tidal cycle will then be used as the 
initial condition to compute the concentration field at the 
second tidal cycle, and so forth. Each computation cycle 
will advance time by the increment of one tidal cycle until 
a specified tidal cycle or equilibrium concentration field 
is reached. Within each computation cycle, the (m-1) 
equations are solved by successive substitution, since 
C2 1 is the only unknown upon which C2 depends. n- n 
3. Refined Solution for Dissolved Oxygen Concentration 
The modeling of ecosystem is essentially the same 
as the previous 208 study. Exactly the same components 
are modelled, with the same biochemical kinematics and the 
same formulations for ev~luating the rate constants. The 
15 
only modification is the solution of the mass-balance equation 
governing the dissolved oxygen concentration. 
Excluding the physical transport processes, the mass 
balance equation for dissolved oxygen may be written as 
where 
d dt DO= k2 (DOS - DO) - S 
DO= dissolved oxygen concentration, 
DO = saturated dissolved oxygen concentration, 
s 
t = time, 
k 2 = reaeration coefficient, 
(12) 
and Sis the sink (or source) representing all oxygen con-
suming and producing mechanisms. Given DO as initial 
0 
condition at some instant of time, the exact solution of 
equation (12) at time interval ~t later is 
(13) 
Equation (13) is used in the modified model to calculate 
DO, with the sink term expressed in the s:ame way as the 
old model, i.e. 
S = ({1.0- exp(-k1 •~t) }•CBOD + 4.S7{1.0 - exp(-kn23~t) }•N2 
+ a {l.O - exp(-R -~t) }•CH-ad{e:><:p(G ·~t)-1.0}•CH)/~t 
r S C 
+ BEN (14) 
where all the symbols are defined in the same way as previous 
208 report (Ho, Kuo and Neilson, 1977). The terms on the 
16 
right hand side of equation (14) represent the oxygen con-
sumption by the oxygenation of carbonaceous oxygen demanding 
materials, by nitrification, by respiration of phytoplankton, 
oxygen production by photosynthetic process and the oxygen 
consumptiQn by benthic oxygen demand. 
In most cases that k 2 ·~t<<l, equation (13) may be 
approximated by 
DO= DO + k 2 •~t(DO - DO) - S•~t 0 S 0 
Equation (15), together with S represented by equation 
(14), was used in the model for previous 208 study. 
(15) 
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III. FIELD SURVEYS AND DATA COLLgCTIONS 
For the purpose of fine-tuned calibration and vali-
dation of the water quality model, a number of field surveys 
were conducted in 1980. The major thrust of the effort 
was the in-stream water quality surveys, which consists 
of an intensive survey and a series of slackwater surveys. 
The data from these surveys were compared with model pre-
dictions of in-stream water quality, and served as the 
guides for fine-tuned calibration and validation of the 
model. In addition, a variety of other data required-as 
model input parameters were measured, monitored or assembled 
from other sources. 
1. Slackwater Surveys 
A series of slackwater surveys was conducted on 
April 28, May 27, June 11, July 8, August 12, September 8, 
September 29, October 1 and October 7, 1980. The sampling 
stations are shown in figure 3. All parameters were 
measured or sampled at mid-depth except at station 1, 
where surface and bottom meaeurements or samples were 
taken. In each survey, one boat was launched near the 
Lynnhaven Inlet at slack tide before ebb. The sampling 
boa~ proceeded from the Inlet up the Eastern Branch to 
station 5, turned around, and then proceeded up the 
Western Branch to station W4. Samples at stations 6 
and WS were collected from land by additional personnel. 
18 
Figure 3 • Field survey stations. 
19 
It took about 3 hours to complete a surve~,. 
The data from the slackwater surveys are tabulated 
in Appendix A. 
2. Intensive Survey 
A 25-hour intensive survey was conducted on September 
26-27, 1980, following a moderate storm event of 1.07 inch 
precipitation in a six hour period. The survey was designed 
to study the impact of nonpoint source loadings from storm-
water runoff, and to provide data for fine-tuned calibration 
of the model. Three boats were deployed simultaneously to 
occupy the sampling stations: stations 1,2,4,5 in the Eastern 
Branch and stations W2, W4 in the Western Branch. Each boat 
travelled back and forth between two stations to collect 
samples. 
The data are presented in Appendix Bin tabular form. 
3. Benthic Oxy2en Demand 
I 
Two benthic oxygen demand surveys were conducted in 
June and October of 1980. The results are presented in 
Table l(a}. The data from the 1979 survey conducted under 
another program are also included. 
The water quality model requires the benthic oxygen 
demand in each model segment as input data. The values in 
Table l(a} were either interpolated or extrapolated to 
arrive at the average value for each model segment. Table 
l(b} presents the values used as input data for model calibra-
tion and validation runs. The model will adjust internally 
20 
Station 
Table 1. Benthic Oxygen Demands 
{a) Data from Field Surveys 
Date 
{month/year) 
Oxygen Demand 
{gm/m2/day at 20°c) 
2 
3 
4 
5 
6 
Sl 
Pl 
W2 
W4 
ws 
Bl 
6/79 
6/80 
6/79 
6/80 
6/79 
6/80 
6/80 
6/80 
6/80 
6/80 
6/80 
10/80 
6/80 
10/80 
6/80 
1. 2 
0.6 
1.6 
1.3 
1.1 
1.2 
1.4 
1.8 
1. 8 
0.6 
2.1 
1. 7 
1. 5 
0.9 
1.4 
{b) Data Used in Water Quality Model 
Eastern Branch 
Segment Number 1 2 
Oxygen Demand 0.6 0.6 
Western Branch 
Segment Number 2 3 
Oxygen Demand 0.6 0.6 
-*--
Buchanan Creek 
Branch Number 
2 (Pleasure House Ck.) 
3 (Dix Cove) 
4 
5 {Brock Cove) 
6 
7 (Brown Cove} 
8 
9 (Pinetree Ck.) 
10 (Wolfsnare Ck.) 
3 
0.8 
4 
1. 0 
4 5 6 
1. 0 1. 3 1. 2 
5 6 7 
1. 4 1.8 1. 5 
Oxygen Demand 
0.6 
0.6 
0.6 
0.8 
0.8 
1.0 
1. 3 
1.8 
1. 8 
7 
1.4 
* 8 
1. 5 
21 
the benthic oxygen demand according to water temperature. 
4. Point Source Discharge 
The Birchwood Gardens sewage treatment plant is the 
only point source of pollutants discharging into the Lynn-
haven Bay System. Its outfall is located at the Buchanan 
Creek, a small tributary to the Western :Branch. Monthly 
~PDES {National Pollutant Discharge Elimination System) 
monitoring reports were provided by the Virginia State 
Water Control Board. The report data include flow rate, 
BOD 5 , DO and coliform bacteria. A summary of NPDES report 
data is presented in Table 2(a). 
To supplement the data of the NPDES report, water 
samples were collected from the STP effluent in conjunction 
with monthly slackwater surveys starting June 1980. The 
samples··were analyzed for all water quality parameters 
except chlorophyll 'a' and salinity. The results are 
presented in Table 2(b). 
The data show that the pollutant loading from the 
sewage treatment plant was q~ite variable from date to 
date. However, the monthly average flow rate was nearly 
a constant. The discharge rates of inor·ganic pollutants 
were also quite steady. There was essentially no discharge 
of coliform bacteria except on one occasion (September 29) 
when the concentration of coliform bacteiria was exceptionally 
high, probably due to improper disinfection. A comparison 
with nonpoint source loadings indicates that, except for 
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Table 2. Point Source of Pollutants 
(Birchwood Gardens STP) 
(a) Sunnnary of NPDES Data 
Month Flow Rate BOD5 D.O. Coliform 
(mgd) (mg/1) (mg/1) (MPN/100 ml) 
ave. max. min. ave. max. min. ave. min. ave. max. 
March 0.46 0.65 0.25 34 ,51 22 9.4 5.8 4 125 
April 0.43 0.49 0.34 71 139 21 9.4 4 5 
May 0.45 0.60 0.38 81 232 17 9.0 6.0 6 12 
June 0.43 0.51 0.40 48 94 29 6.8 5.6 4 9 
July 0.40 40 8.8 
Aug 0.43 52 70 7.4 4.0 3 3 
Sept 0.41 0.49 0.33 39 71 19 8.2 4.4 3 3 
Oct 0.31 25 41 8.3 5.5 3 
(b) Grab Sample Analysis 
Date 6/11 7/8 8/12 9/8 9/29 10/1 10/7 
Temp (OC) 23.4 25.9 30.1 27.2 22.7 21.9 18.6 
BOD5 (mg/1) 7.10 9.65 2.65 
D.O. (mg/1) 2.1 0.5 7.1 5.9 13.0 6.9 10.2 
TKN (mg/1) 19.8 11.8 17.3 16.7 30.9 36.0 30.5 
NH4-N (mg/1) 15.2 7.5 9.7 11.5 20.4 16.6 18.5 
N02&N03-N (mg/1) 0.03 0.18 0.39 0.84 0.99 0. 76 1.09 
Total-P (mg/1) 9.8 12.5 8.9 11.1 10.0 10.8 9.8 
Ortho-P (mg/1) 8.7 10.2 7.5 12.8 8.5 9.5 9.5 
CBOD 25.6 35.1 65.1 25.8 41.0 46.1 
00 
Fecal Coliform ID ID 2 .2 X ID ID 
(MPN/100 ml) 104 
Key: - no data 
ID indeterminate, too low to be determinate 
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ammonia nitrogen and ortho-phosphorus, the point source 
loadings contribute only a small portion of pollutants to 
the upstream reach of the Western Branch. Therefore, the 
point source discharge is assumed to be constant for all 
model simulation runs. The following are the point source 
loadings used in the model runs: 
flow rate: 
salinity: 
organic nitrogen: 
ammonia nitrogen: 
nitrite-nitrate nitrogen: 
organic phosphorus: 
ortho phosphorus: 
CBQDco 
DO: 
coliform bacteria: 
5. Geometric Data 
~: i60/o~: ( O. 425 
20 lb/day 
40 lb/day 
1.5 lb/day 
5 lb/day 
30 lb/day 
100 lb/day 
7.0 mg/1 
0 
mgd} 
Since the modelled portion of the river was extended 
to the intersections with Virginia Beach Boulevard both in 
the Eastern and Western Branches, additional geometric data 
were required for the upstream reaches of the river. Bathy-
metric profiles were surveyed to obtain average depths at 
low tide. To measure the water surface area, a remote 
sensj_ng survey with airplane overflight was conducted by 
VIMS' Remote Sensing Section in September 1980. The results 
of the remote sensing survey are shown i.n figures 4(a} and 
4(b}. Similar information on the surface areas of the 
downstream reaches have been reported by Munday, et al. 
{1976), and used in the previous study. This information 
was combined together to define the segmentation of the 
modified model. 
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SCALE: I: 24,000 
EASTERN BRANCH 
H 271400 2 m 
134800 2 m 
J 90600 2 & m 
2 -~ K 103200 m ~ 
2 ~ 
L 19600 m § er, 
t> cJ 
139400 2 § M m 
" 
Figure 4(a). Surface area measured by remote sensing, upper Eastern Branch. 
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SCALE : I: 24,000 
WESTERN BRANCH 
A 101200 
2 
m 
B 125300 m 2 
C 136600 m 2 
D 145200 m 2 
E 160700 m 2 
F 120900 m 2 
G 83400 m 2 
Figure 4(b). Surface area measured by remote sensing, upper Western Branch. 
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6. Solar Radiation and Turbidity 
Because the process of photosynthesis by phyto-
plankton requires light of wavelengths between about 4000 
A (Angstrom) to 7000 A as an energy source, the amount of 
light available to these organisms is important input infor-
mation for the water quality model. The two aspects of 
light availability are the amount of natural light reaching 
the water surface and the fraction of that light penetrating 
the water column where the phytoplankton reside. 
The former of these two values may be determined 
directly with a pyranometer that measures solar and 
scattered radiation and reflected radiation from the earth's 
surface. The hourly measurements of solar radiation were 
made by VIMS at Gloucester Point. Table 3 shows the 
monthly average values from April to October, 1980. The 
September value was used for model calibration run as a 
constant input. For model validation run, the solar 
radiation was varied monthly with monthly average values 
as input data. 
Table 3. Monthly Average Solar Radiation 
at Gloucester Pt., Va., (April 
1980 to October 1980) 
Month Lang:leys/Day Photo-Period 
April 459 13 
May 498 14 
June 574 14 
July 591 14 
August 475 13.5 
September 391 12.5 
October 280 11.5 
(Hours) 
The latter of these two values was determined 
indirectly. Relative magnitudes of the light extinction 
coefficient throughout the estuary were determined 
from secchi disk readings, which were measured at slack-
water surveys and intensive survey (data presented in 
Appendices A and B). Because light attenuation due to 
self-shading of phytoplankton is calculated in the model 
from the time varying chlorophyll 'a' concentrations, 
relative extinction coefficients were corrected for 
chlorophyll 'a' concentration to reflect only 'non-
phytoplankton turbidity'. The calculated results are 
shown in Table 4. 
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In reality, the phytoplankton can migrate up and 
down the water column in response to the available light. 
The organisms tend to concentrate at locations of near 
optimum light levels rather than spreading evenly through-
out the water column. Thus, some of the effect on phyto-
plankton of light attenuation due to turbidity is overcome; 
an extinction coefficient based solely on actual turbidity 
tends to overestimate the effect. The 'effective 
extinction coefficient' used in the model was, therefore, 
determined from model calibration. 
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Table 4. Extinction Coefficients Determined 
from Secchi Disk Measurements 
(a) Without Correction for Self-Shading 
(1.7/disk visibility, meters-1) 
DATE 
* Station 4/28 5/27 6/11 7/8 8/12 9/8 9/29 10/1 10/7 9/26-27 
1 0.94 1.55 1.42 1.13 1.06 1.55 2.43 1. 70 1.89 2.43 
2 0.94 1.21 1.89 1.21 1.31 2.13 · 1.89 1.89 1.89 2.39 
3 2.83 3.40 3.40 4.25 2.43 2.42 2.83 1.89 2.43 
4 2.83 5.66 4.25 5.66 2.83 2.83 2.43 2.43 4.05 
5 2.83 5.66 5.66 4.25 2.83 2.83 3.40 5 .15 
6 5.66 5.66 3.40 3.40 3.40 2.83 2.13 2.43 
Pl 5.66 5.66 17 .o 17.0 4.25 4.25 2.83 2.83 
Sl 5.66 4.25 5.66 17.0 5.66 5.66 4.25 2.83 3.40 
Wl 1.55 3.40 2.42 3.40 1.55 1.21 2.83 1. 70 1. 70 
W2 3.40 3.40 3.40 3.40 2.58 1. 70 2.83 2.43 1.89 3.78 
W3 3.40 4.25 3.40 4.25 3.40 2.43 2.43 2.13 
W4 4.25 4.25 4.25 5.66 5.66 2.43 2.13 3.40 4.86 
W5 5.66 5.66 3.40 5.66 2.83 4.25 2.43 
Bl 4.25 4.25 5.66 5.66 5.66 2.43 2.83 3.40 
(b) Corrected for Phytoplankton Self-Shading 
(meters-!) 
DATE 
* Station 4/28 5/27 6/11 7/8 8/12 9/8 9/29 10/1 10/7 9/26-27 
1 0.57 1.32 1.23 0.96 0. 82 1.27 2.04 1.49 1. 72 2.08 
2 0.53 0.95 1. 71 1.03 1.14 1.90 1.57 1. 70 1. 72 2 .08 
3 2.51 3.13 3.13 3.94 2.15 2.15 2.45 1.60 2.20 
4 2.29 5.34 3.88 5.41 2.45 2.39 2.17 2.14 3.57 
5 1.93 5.17 5.27 3.74 2.38 2.42 3.01 4.61 
6 4.73 4.99 2.88 2.68 2.85 2.21 1.69 2.02 
Pl 4.96 5.16 16.4 16.6 3.70 3.79 2.45 2.39 
Sl 4.63 3.59 5.38 16.5 4.89 5.20 3.65 2.38 2.96 
Wl 1.22 2.23 3.19 1.31 0.95 2.50 1.52 1.54 
W2 · 3.08 3.08 3.11 3.16 2.29 1.51 2.47 2.16 1.64 3.30 
W3 3.10 3.81 3.01 3.92 3.02 1.99 2.16 1.86 
W4 3.65 3.66 3.76 4.93 5.12 1.85 1.86 3.05 4.23 
W5 4.57 4.59 2.02 4. 77 1.55 3.33 
Bl 3.57 3.49 4.96 4.78 4.92 1. 70 2.28 2.92 
* intensive survey 
- means no data taken 
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IV. GENERATION OF NONPOINT SOURCE DISCHARGES 
The in-stream water quality model requires time-
dependent nonpoint source loadings among their inputs. 
These inputs are obtained from the output. of the STORM 
model. This model uses rainfall data and land use patterns 
to calculate quantity and quality of runoff. Input con-
stants for the STORM model from Malcolm :Pirnie's valida-
tion for the original '208' study have been used. These 
input constants include the storage and runoff character-
istics of various lt;tnd use types, unit hydrograph char-
acteristics ~nd evaporation rates. 
It has been established that, givein the same inputs, 
VIMS' version of STORM will yield the same outputs as 
Malcolm-Pirnie, within a small margin of difference due to 
differing machine configurations. A comparison between 
the VIMS results and those of Malcolm-Pirnie is shown in 
table 5. 
For application to this study, the~ STORM model re-
quired 1980 rainfall data and land use patterns for 1980. 
Rainfall data for the Oceana NAS were usE~d. Daily totals are 
summarized in table 6. Land use patterns; were provided by the 
Southeast Virginia Planning District Commission. The land uses 
for 1980 are summarized in table 7. The land use categories 
were those used by Malcolm-Pirnie in running the STORM model. 
Considerable data manipulation is required to transform 
the outputs from STORM into a usable form. The STORM model 
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gives daily totals of nonpoint loading for entire sub-basins. 
Therefore the following transformations are required, 
starting with the STORM output: 
o Subdivide Total N & Total Pinto species used 
in the in-stream water quality model; 
o Subdivide total· sub-basin loading into loadings 
for specific model segments and combine loadings 
where two sub-basins feed the same model segment; 
o Calculate loadings according to tidal day, 
i.e. two tidal cycles, as required for model 
input; 
o Format time-varying input for the water quality 
model, including provision for dry days and 
days immediately after storm events: 
o Store this input in a direct-access disk file 
readily accessible by the water quality model. 
This analysis process has been automated entirely, 
thus eliminating hand encoding and hand calculation and the 
attendant probability of error. 
Date 
July 23 
August 4 
August 15 
August 19 
August 22 
August 25 
July 23 
August 4 
August 15 
August 19 
August 22 
August 25 
* 
Table 5 
* Relative Deviation of STORM Outputs 
BOD Nitrogen Phosphorus 
Basin 105 
.0065 0.008 0. 00 
.003 0.005 0. 00 
.003 0.003 0.00 
.0028 0.003 0. 00 
.oo o.oo 0.0 
.000 0.; 00 0. 0 0 . 
Basin 106 
.0038 .007 .000 
.001 .003 .oo 
.002 .004 -.01 
.0021 .002 .003 
-.01 -.04 .o 
.004 .004 .oo 
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Coliform 
0.0000 
0.0000 
0.0000 
0.000 
0.000 
0.000 
- .0111 
- .0090 
- .0051 
- .0089 
- .013 
.002 
Values given in the table are dimensionless. They are the 
differences between VIMS (1981) and Malcolm Pirnie STORM 
outputs and Malcolm Pirnie outputs divided by Malcolm 
Pirnie's outputs. That is: 
Relative Deviation= STORM (MPEI) - STORM (VIMS) 
STORM (MPEI 
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Table 6 
1980 Daily Precipitation Record (in.) 
NAS Oceana 
Date April May June July Aug Sept • Oct 
1 • 16 .45 
2 .11 
3 .03 .03 .43 
4 .16 .11 
5 .07 
6 .02 
7 T .07 
8 .04 .12 .02 
9 .03 .34 1.00 
10 T .36 .06 .12 
11 .02 .12 
12 1.04 
13 .84 
14 T 
15 T 4.28 
16 T .02 
17 T .17 .04 
18 .74 T .06 .01 
19 .02 .10 1.03 
20 1. 34 .03 
21 .05 
22 
23 .01 T .32 
24 .01 .43 .05 .25 
25 .08 1.04 3.09 
26 .03 
27 .68 .07 T 
28 .52 .02 .07 .02 
29 .05 .47 .15 .08 
30 .07 1.23 .43 
31 T 
Table 7 
Land Use Categories and Percentage of Drainage Basin 
(Data for 1980 Conditions)* 
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Basin Land Use Category Percent of Drainage Basin 
Sub-Basin 106 
= SEV2103 
Sub-Basin 105 
= SEV2102 
* 
Commercial/Strip (COMSTP) 
Institutional (INSTIT) 
Light Industry (INDTLT) 
Low Density Residential (RESDLO) 
High Density Residential (MULTFL) 
Agricultural & Vacan~ (OPEN) 
Tidal Marsh (TMARSH) · 
Commercial/Str!p (COMSTP) 
Institutional (INSTIT) 
Light Industry (INDTLT) 
Low Density Residential (RESDLO) 
High Density Residential (MULTFL) 
Agricultural & Vacant (OPEN) 
Tidal Marsh (TMARSH) 
15.4 
3.7 
0.2 
49.3 
3.4 
27.3 
0.7 
14.1 
3.4 
6.6 
38.4 
2.6 
34.7 
0.2 
Land use patterns were provided by the Southeast Virginia Planning 
District Commission 
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V. Model Calibration and Validation 
Calibration is the adjustment of model parameters 
so that the model can simulate closely the prototype con-
ditions. In particular the parameters which are difficult 
to measure directly should be adjusted to reflect the 
conditions of the particular water body under study. The 
Lynnhaven Bay water quality model has been calibrated with 
respect to 1975 water quality conditions in the previous 
208 study (Ho, Kuo and Neilson, 1977). For this study, 
the data collected during the intensive survey described in 
section III were used as the basis of the fine-tuned cali-
bration of the model. The intensive survey was conducted 
on September 26-27, 1980, following a storm of 1.07 inch 
precipitation on September 25. The calibration with respect 
to water quality conditions immediately following a storm 
event should enable the model to better assess the storm-
water impact. 
The model was run to simulate the period from 
September 8 to September 27, 1980. Input data measured 
directly or estimated from field measurements have been 
presented and discussed in section III. The initial 
conditions of concentration distributions were interpolated 
from September 8 slackwater survey data. A constant water 
temperature of 25°c, the gro~s average over the simulation 
period, was used. Intensive survey data of station 1 were 
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used as downstream boundary conditions. ~rhe model was con-
figured so that it was not necessary to d«~fine the upstream 
boundary conditions explicitly. Rather the upstream flux was 
defined to be zero, with upstream contributions incorporated 
in nonpoint source loadings. 
The calibration procedure was started with model run 
using parametel;:' values determined from thf9 calibration of 
the previous 208 study. Then selected pa:rameters were 
adjusted to achieve better agreement betwceen model output 
and field data. Table 8 lists the parameter values determined 
from the calibrations of this study and p:C'evious study 
respectively. It is seen that most paramc9ters have the same 
values for the previous and present calib:C'ations. There are 
differences in the nitrogen conversion cocefficients kn12 
and kn23 , and the nitrate escaping rate, kn33 . The revision 
of these parameters was necessary because that the observed 
nitrite-nitrate nitrogen concentrations in 1980 intensive 
survey were much lower than those observed in 1975. 
The results from calibrated model are compared with 
field data in fig:ures 5 to 14. The mode·1 results and field 
data are presented as concentration distributions vs. 
distance upstream from the Lynnhaven Inlet for the Eastern 
and the Western Branches respectively. The agreements be-
tween model results and field data are very good for 
salinity (figure.5) and fecal coliform (figure 14). These 
two components h·ave no interaction with other components 
of the model. Each of them constitutes an independent 
Table 8. Calibration Values of Model Parameters 
Parameter Unit 
Organic N settling rate, knll 
Organic N to ammonia hydrolysis 
rate, kn12 
Ammonia nitrification rate, kn23 
Nitrate escaping rate, kn33 
Organic P settling rate, kpll 
Organic P to inorganic p conversion 
rate, kp12 
Inorganic P settling rate, kp 22 
Nitrogen Michaelis constant, K 
mn 
Phosphorus Michaelis constant, K 
mp 
Saturation phytoplankton growth 
rate, k gr 
Nitrogen preference 
Endogenous respiration rate, Rs 
Carbon-chlorophyll ratio, a 
C 
Nitrogen-chlorophyll ratio, a 
n 
Phosphorus-chlorophyll ratio, a 
Photosynthetic quotient, PQ 
Respiration ratio, RQ 
p 
Saturation light intensity, RIS 
Zooplankton grazing rate, kg 
Phytoplankton settling rate, kcs 
CBOD oxidation rate, k 1 CBOD settling rate, k 
Coliform bacteria dieSff rate, kb 
1/day 
l/day/°C 
l/day/°C 
1/day 
1/day 
l/day/0 c 
1/day 
mg/1 
mg/1 
l/day/°C 
l/day/°C 
mg/µg 
mg/µg 
mg/µg 
langley/day 
1/day 
1/day 
1/day 
1/day 
1/day 
w 
CT\ 
Calibrated Value 
Present Previous 
Calib. Calib. 
o.o 0.0 
0.001 0.0025 
0.005 0.01 
0.65 0.32 
0.0 a.a 
0.001 0.0012 
0.0 0.0 
0.01 O_. 01 
0.004 0.004 
0.048 0.048 
ammonia-N ammonia-N 
0.0045 0.0045 
0.1 0.12 
0.008 0.008 
0.0004 0.0004 
1.5 1.3 
1.0 1.2 
340 340 
0.01 0.01 
0.0 0.0 
0.0~ 0.05 
0.0 0.0 
0.4 0.4 
submode! and, thus, easier to calibrate. All other com-
ponents are modelled as an ecosystem of eight components 
interacting among one another. In most cases, adjustment 
37 
of one parameter will affect more than one component. 
Therefore, the calibration process often requires compromise 
among degrees of agreements for various components. Figures 
6 to 13 indicate that the ove.rall agreeme:nt between model 
results and field data are reasonably good, except the 
organic pollutants (organic nitrogen and organic phosphorus). 
The field data have much higher concentrations in some parts 
of the river than those calculated by thei model. However, 
this disagreement apparently does not affect the perfor-
mance of the model in simulating the inorganic pollutants, 
chlorophyll and dissolved oxygen. It is possible that 
these excessiv.e organic pollutants (or deitritus) are rather 
inactive biochemically, that they are washed out of the 
system before affecting the water quality of the system. 
After fine-tuned calibration, the model was vali-
dated with respect to the slackwater survey data collected 
from April through October. These surveys were conducted 
over a rqnge of freshwater runoffs, waste~ inputs, boundary 
conditions·and temperatures, thus present an excellent basis 
for validating both the functional form of the model and 
the calibration parameters. 
Validation was conducted as a model run which simu-
lated the entire sampling season. The time-varying stormwater 
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runoff and nonpoint source pollutant loadings were input 
to the model on a daily basis. Boundary conditions, water 
temperature and other input parameters were available only 
on an approximately monthly basis from the slackwater surveys. 
There£ore, these parameters were input as step functions 
with duration equal to the interval between surveys. All 
the calibrated parameters were kept constant throughout 
the simulation period, with the values listed in Table 8. 
The requirements of validation against ten indepen-
dent sets of data is a rigorous one, especially considering 
the intra-tidal and diurnal variations of several of the 
model constituents. A single sample at slack tide may 
deviate significantly from the 'typical' value of the day. 
Additional discrepancies may be expected due to seasonal 
variations in parameters which are assumed constant, e.g. 
sediment oxygen demand or biochemical kinetic rates (all 
adjusted to 20°c). 
The results of validation are presented as time 
series of field data and predictions at each sample station 
and may be found in the figures of Appendix C. 
Each graph represents the seasonal variation of one 
constituent at one sample station. The validation is satis-
factory and resembles the calibration in that agreement 
between observations and predictions is better for salinity 
and fecal coliform, which are modelled independently without 
any interaction with other constituents. The major 
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discrepancies are the level of organic pollutants in the 
system. Generally,· the model underestimated the concen-
trations of organic nitrogen and organic phosphorus, regard-
less of stormwater runoff or not. It is quite possible that 
the vegetation in the tidal marshes is responsible for the 
~ 
observed excess organic nutrients which arE~ not accounted 
for by nonpoint source model. 
Drainfields for septic tanks are another potential 
source of nutrients. However studies in other areas have 
shown that properly operating septic systems add inorganic 
forms of nutrients (i.e. nitrate-nitrogen and ortho-phosphorus) 
to the groundwater. 
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Figures 5 to 14: 
Comparison of computed concentration 
distributions with field data, 
September 26-27, 1981 
Field data 
Model results 
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Appendix A 
Data from the Slackwater Surveys, 
April - October 1980 
1980 Lynnhaven River Slack Water Run Data 53 
Date: April 28, 1980 
!Eastern Branch 
Stations l* 2 
• Temperature 16.05/16.83 16.54 
Salinity l8.31/18.61 18.50 
8005 1.80/ 1.50 1.60 
bo 9.60/ 8.6 9.2 
TKN 0.28/ 0.28 0.30 
NH4-N <0.05/ 0.05 <0.05 
N02-N <0.01/ 0.01 <0.01 
N0 2&N03-N <0.05/ 0.05 <0.05 
Tota 1 .. P <0.05/ 0.05 <0.05 
Ortho-P <0.01/ 0.01 <0.01 
Chlorophyll 9.70/13.40 12.90 
Fecal Co 1i fonn 2.00/ 7.80 2.00 I Secchi Depth** 1.8 1.8 
BODao 3.02 
·~Jestern Branch 
\····-
:st a ti ons Wl W2 W3 
Tr .~perature 17. 72 18.80 19.98 
linity rr.8. 93 18.51 17.85 
D5 1.20 1.35 0.85 
8.0 6.1 5.5 
. .JI 0.35 0.65 0.70 
i:-N k0.05 0.08 0.15 
r; ):.. N 
<0.01 
-
<0.01 <0.01 
' · ~·o N ! '! ' .. ,1 3- k0.05 <0.05 <0.05 
.1f-P k0.05 0.06 0.06 
ih0:P K0.01 <0.01 <0.01 
•: · .n~phyll 9.90 9.30 8.50 
; :.. ·J·,·--Coliform 17 33 27 
···c-c..hi Depth** 1.1 o.s 0.5 
'-· J <X) 9. 3'.) 
Time: 0858-1100 
3 4 5 
17.Q2 11 Q. ?Q 1 Q - Q~~ 
18.68 17.92 17.18 
1.40 1.50 2.20 
9.6 6.0 6.3 
0.40 0.58 0.85 
<0.05 0.12 0.29 
<0.01 k0.01 <0.01 
<0.05 k0.05 <0.05 
0.08 k0.05 0.20 
k0.01 1<0.01 <0.01 
9.50 l9.0 36.70 
2l.OO 6.8 4qo 
0.6 0.6 0.6 
5.6S 
W4 W5 Bl 
20.87 19.00 20.68 
16.09 15.21 
2.25 3.80 4.60 
4.7 5.1 3.2 
1.12 1.42 2.30 
0.24 <0.50 0.34 
<0.01 <0.01 <0.01 
<0.05 0.26 <0.05 
0.14 0.22 0.48 
0.03 0.07 0.07 
17.0 17.20 25.20 
490 24000 3300 
0.4 
9.33 
' 6 Pl Sl 
? fl_ OR 1 Q h0 'JO R7 
11.35 12.25 I Vi .14 
3.05 2.35 3.25 
2.0 X 5.7 6.3 
1.15 0.88 1.10 
<0.05 <0.05 l 
~.JlL.I 
<0.01 <0.01 :<0.Q_l_ I 
<0.05 <0.05_~Q:?_ __ : 
0.15 0.10 .. : o._12 _ 
<0.01 <O. 01 '<0. 01 ! 
·-+----. ----; 
37.80 26.30 43.59 ___ 
470 11nnn '.4qo I 
0.3 0.3 0.3 ! 
I 
---i 
I 
* surface/bottom 
•• in meters 
xsample contaminated 
54 1980 Lynnhaven River.Slack Water Run Data 
Date: 27 May 1980 Ti me : 7 . 4 - 9 . 4 
HWS 
-----·------·---·------------·---·---------, 
lrdstern Branch j 
-------,--------r-----.e--------~-----.------.,.--,--..----
! $ t_a t--'i o~n _ ;;_s __ -+-__ _.;.1_* __ -+-__;;;2;___-+--3;;.._--4--_;4 _ __.__..;;..5 _4--__;;,6_-4--~Pl.;___-+-...::.S...:..l _ i 
i Tr,,-,-r~ra ture --1 
I 21.95/21.90 21.95 23.04 23.84 23.94 22.44 23.94 23.84 . 
,~·arlnity 17.54/17.61 16.47 15.93 13.76 13.92 11.88 12.91 17.22 
1-:::--::-:=:-------+-------+-----4-----+---f-----+-----+-----+---
' BOD... / 4 8 2 4 '· :> 1.95 2.15 2.50 1.20 l. 5 1.90 3. 0 . 0 2 ... 0 
co 6 6 6 6 6 6 4 6 9. l /9 • 2 9. • 2 • 2 • 5 • 1 • I • 3 
·- ·--------+-------+------+-----+---+-----+------+-----+-----
' TKN 0.28/0.35 0.32 O;SO 0.68 0.81 0.92 0.86 0.95 1 
--:-~~----+------+-------4---------+--------f~--+------+------+--~--: 
:~i~-N 0.04/0.04 <0.01 0.01 0.01 0.04 0.03 0.62 0.04 1 
2~~-N~~----+-~<~.0_1_1~<--.0_1_ ........ ~<~._0_1~<=._0_1~~<--.0_1_~~-·_0_1~_<_.0_1_~_~_.0_1~1_.;.<~·-0_1_1 
__ 
1 ()_2_&_N0_3_-_N ___ "--<=·-0_1_/ ~-· 0_1_...._=< __ . 0_1_,..__._0_6 ~---< _. 0_1 ___ .__~_. _o 1--+--~-·_0_1 __,.__~_._0_1_....1 _~_._0_1 _) 
iotal-P <.05/<.05 <.05 .06 .10 .16 .37 .14 .16 ,·. 
,·or.tho- P 1 01 1 01 I 01 
1 
---~_..r---+--·-0_1~/<~·-0_1_+---=<_.0_1---f~-·-o_~<-·_0_1~-.-·-:---+--<-·_o_ ........ ~·~--;-1 --.-·--i 
/cn·lorophyll 5.90/6.40 7.20 7.50 9.50 14.40 - 16.80 ·.24.50 
I c--,-.,----4-------.,_---+-----+-----+---+-------+--------·- - . ---· 
·et:al Colifonn ID/2.0 6.8 23 33 79 110 170 I 49 . 
---,--,.-~-----4---~---+------1-----+-----+------------·-. 
Sc.:::·chTbepth** 1. 1 1.4 0.5 0.3 - - 0.3 0.4 
------t !1 D •» 5. 14 5.51 
. -- ··-- -------1.-----~----'----"----...&.----~--_.... ___ .__ __ .. ·- ·-
---· --
cs tern Branch 
-·-
~-.-it i or: 5 Wl W2 
·-· 
· t>rature 22.25 23.04 
i ·:~qi ty 16.02 15.28 
1 r\- ; 
1.45 •·c:- 1. 30 ,I 
---J) 6.70 6.3 
-~-,· -· 
0.52 0.80 
"'i, 
- .~ 0.02 0.04 ·• 
i ... ; 
p-----
- !1 <.01 <.01 
-
,- .. -~ ~·o t' 
,u?:_,, 3-' <.01 I <. 01 
I.J ta,_ P · 
.09 I .14 
·---·-
rti--,o- P <.01 ' .01 l 
h1J-rophyl, 9.60 
(' ~ii Coliform 33 130 
-·-~-f·,~:--~i Depth** i o.s o.s 
-- -· 
-. 
,ODx I 3.71 I 
W3 W4 
23.74 24.34 
13~71 11.91 
1. 70 2.80 
6. 1 7.2 
0.85 0.99 
0.06 0.02 
<.01 <.01 
<.01 <.01 
. 18 . 19 
! 
. 0 l .01 i 
14.40 21 .40 
I 130 490 
i 0.4 0.4 
ws 
21.65 
1. 91 
4.40 
5.8 
1.62 
0.02 
<.01 
<.01 
.32 
.05 
46.50 
I 95 
0.3 
Bl 
24. 14 
3.50 
7.8 
1. 15 
0.01 
<.01 
<.01 
.28 
.01 
29.50 
790 
0.4 
8.66 I 
* surface/bottom 
** in meters 
1980 Lynnhaven River Slack Water Run Data 55 
Date: 11 June 1980 Time: 7.8 - 10.4 
HWS 
1 Eastern Branch 
Stations l* 2 3 4 5 6 Pl i Sl i 
---·¥ Temperature l 21 . 45/21 . 55 22. 15 22.54 23.24 23.6:3 22.70 23.44 23.94 I 
S-,1-i fni ty -, 23.84/23.94 23.31 22.24 21. 32 20.4·~ 19.06 17.62 ,I - ; 1ro·o5 0.30/0.50 0.30 0.65 1.30 1 • 10 1.80 1.40 1.90 
DO 7.4/7.4 7. 1 6.4 6. 1 s.8 5.4 6.7 6.5 I i TKN 0.85/0.28 0.40 0.55 0.66 0.75 0.98 0.78 0.75 
NH4-N 0.01/<.0l 0.07 0.01 <.01 <.01 <.01 0.05 i <.01 I 
N02-N <.01/<.01 ~.01 <.01 <.01 <.01 <.01 <.01 i <.01 
N02&NQ3" .. N <.01/<.01 <.01 <.01 <.01 <.01 <.01 <.01 
' 
<.01 
- I Tota 1- P <~05/ .06 .06 . 11 . 11 . 14 . 17 . 14 I . 17 I 
-··-
· Ortho-P <.01/<.0l <.01 <.01 <.01 <.01 <.01 <.01 I < .01 I - - I 
cfiloro-phy11 4.40/4.80 4.40 7.60 11. 40 16.60 24.70 19.40 22.~~-
(ec a 1 Coli fonn 4.5/2.0 23 7.8 33 33 220 79 I 170 ! I I ~ecchi Depth** 1.2 0.9 0.5 0.4 0.3 0.3 0. 1 0.3 I I BOD CD 4. 18 I 
I 
,western Branch 
1~---· ta ti ons Wl W2 W3 W4 ws Bl 
--·· 
- -· 
* 
'1 err.per a ture 22.34 23. 14 23.74 24.34 23.54 24.64 surface Ibo t tom 
,1 fi ni ty 23.21 22. 16 21. 73 20.87 - 20.38 
005 a.so o.ss 1.35 2.20 4.70 3.20 
•• in meters 
,o 
~-7 6. 1 6.0 6.8 5.9 6.4 
- ··-
·q; 0.32 .55 0.75 0.85 1.82 1. 12 
,,. 
,l4 -rJ : '" 0.27 <.01 <.01 0.01 0.01 <.01 
o2:.N <.01 <.01 <.01 <.01 <.01 <.01 
--
;N 
o2&N-(f3-N • OJ .01 .01 <.01 <.01 . 01 
ohl-P 
.07 • 11 . 16 . 17 .35 .26 
·;.fho-P <.01 <.01 • 01 .01 .02 .05 
- i ·1 o ro p hy 11 4.80 8. 10 12.20 21 .20 45.20 2E,. SO 
e-c-a l Co 1 i form 4.5 49 . 23 79 33 170 'j 
e·cchi Depth** 0.7 0.5 0.5 0.4 0.3 0.3 
-··-r, ,OD.-.) 2.69 7.38 
56 1980 Lynnhaven River Slack Water Run Data 
v• 
Date: 08 July 1980 Time: 5.5 - 7.6 
i Eastern Branch 
Stations I 
I 
I 
I 
I 
I 
°Temperature 
s·a1 i ni ty 
B·o·o
5 
DO 
'~ 
TKN 
f~H4-N 
rw·2-N 
t10~&N03-N 
- -
To td 1- P 
Orth-o:P 
: Ch 1 oro-phyl l 
(ecal Co 1 i fo nn 
1Secchi Depth** 
I 
jBOD(I) 
cs tern Branch 
....... 
t 1 ti ans 
-
T ::;",pe ra tu re 
d l in i ty 
·'n i J5 
- -
. r 
·) 
Kff 
I ~J ~ I 
,, 4--1 
10 ,-N 
, ",.() ···-· N 
;· I ·):,.,v 3-
{._ 
I o· taf:·p 
··;~-faO:-P 
'hTo rophyl 1 
f p c-aTco l i form 
- --
t:C.. Chi Depth** 
,00 ,xi ,~ 
i 
HWS 
l* 2 3 4 5 
24. 10/24.35 23.40 25.60 25.80 25.70 
23.34/23.25 23.32 22.90 21. 92 21 .22 
0.50/0.50 0.35 0.25 0.30 l. 10 
9.2/8.3 8.5 7.2 7.8 4.8 
0.35/0.38 0.32 0.48 0.60 1.08 
0.04/<0.0l <0.01 <0.01 0.08 <0.01 
<O.Ol/<0.01 <0.01 <0.01 <0.01 <0.01 
<0.01/<0.0l <0.01 <0.01 <0.01 <0.01 
0.042/0.041 0.047 0. 111 0. 130 0.215 
0.018/0.014 0.014 0.014 0.018 0.027 
4.40/3.70 4.30 -9.00 6.90 12.40 
ID/2.0 13 130 
1.5 1.4 0.4 0.3 0.3 
1. 86 4.50 
Wl W2 W3 W4 ws Bl 
24.30 25.40 26.20 26.20 22.70 25.60 
23.17 22.74 22.55 21. 96 18.23 21. 71 
0. 15 0.30 0.45 1.45 5.40 
6.0 5.4 5. l 5.1 2.3 5.6 
0.42 0.55 0.58 0.85 1.65 1.28 
0.01 0.04 0.02 0.03 <0.01 <0.01 
<0.01 <0.01 <0.01 <0.01 <.01 <0.01 
<0.01 <0.01 <0.01 <0.01 <.01 <0.01 
-
0.072 0.087 0. 149 0.219 .446 0.351 
6 
25.60 
18.88 
1.35 
4.4 
1.08 
.02 
<.01 
<.01 
.205 
.042 
17.90 
280 
0.5 
Pl 
25.25 
20.60 
l. 35 
4.6 
0.85 
0.01 
<0.01 
<0.01 
0.206 
I 
' ! 
' 
! 
! 
- .. 
Sl 
25.20 i 
-! ---
19.29 
' 
I 
...... ·-
·-1 
2. 15 
2 .40X 
.. 
1.62 
---·--·· 
<0.01 
-+---=:--. .• ·--· 
<0.01 
-+-· --=--- .. - ... 
<0.01 
--·----
! 0.40 
- - --~--- •.. 
6 
8 0.035 I 0.03 
---;--· - - -· 
13.10 I 18. 10 
33 49 
_,.. -· 
0. 1 i 0. 1 
-
i 
* surface/Dottor:i 
** in meters 
I xsample contaminated 
0.014 0.027 0.032 0.059 .086 0. 136 
5.30 6.40 9.60 16.60 32 .10 2i.60 
4.0 7.8 l 1 I 490 330 2300 
0.5 0.5 0.4 
I 1.90 9.04 
1980 Lynnhaven River Slack Water Run1 Data 
Date: 12 August 1980 Ti me : 1 o . o - 11 .. 7 
I I Eastern Branch 
Stations 
I 
I 
I 
I 
-- -Temperature 
1·a1 i ni ty 
- ·- -· BOD5 
ob 
·- -·-·--TKN 
NH4-N 
N02-N 
N0 2&N03-N 
Tota 1- P 
Ortho-P 
thi orophyl l 
Fecal Coli fonn 
Secchi Depth** 
I ~OD OD 
lwr-s tern Branch 
!-----
;5 ta ti ons 
! -
I ti!-rrpera ture 
\ ~.il i ni ty 
I 
·Bo:, 
! ··5 
! t•(J 
' :·~ ~I I I •• 
- .. ·-· 
: M1,1-N 
;tW2-N 
; \-OlN03-N 
trot.a 1-P 
I 
IJrtho-P 
Ch 1 orophyll 
Fecal Coli form 
1Secchi Depth** 
,_ 
j~ODoo 
l* 2 3 4 C:' .) 6 
25.10/25.00 24.90 26.80 28.20 28.80 30 .10 
26.34/26.40 26.60 25. 17 23.70 20.74 14.46 
0.50/ 0.15 0.20 0.25 1.00 1 . 60 2.50 
7.3 / 7.3 7.2 6.6 7.8 6.8 6.3 
0.40/0.40 0.34 0.52 o.65 o. ~t8 1.32 
<0.01/<.0l <.01 <.01 .02 <. () 1 .04 
<.005/<.005 <.005 <.005 .005 <.005 ~.005 
<.01/<.0l <.01 <.01 <.01 <. () 1 I <.01 
- - - -
.044/.042 .047 .071 • 104 .1150 .233 
.011/.011 .014 .017 .048 .035 .046 
5.6017.00 3.90 8.00 11 . 70 19.20 27.50 
ID/ID ID 6. 1 330 13 110 
1. 6 1.3 0.7 0.6 - 0.5 
2.80 6 .. 85 
Wl W2 W3 W4 ws Bl 
* 
25.20 25.80 28.30 29.30 30. 10 30.30 
26.85 26.50 24.38 23.16 0 15 • 59 2:L37 
** 
0.55 0.50 1. 50 3.35 - !>. 90 
7.4 7.0 6.6 7.8 10.2 8.8 
0.40 o.48 0.75 1.04 2.25 I. 12 
. 05 .05 . .05 <.01 .02 . 01 
.006 <.005 <.005 <.005 <.005 ~~- 005 
<.01 <.01 <.01 <.01 <.01 <.01 
.069 .078 . 129 .200 .475 .260 
.015 . 019 - .034 .066 . 140 .091 
6 .30 8.30 10.00 27.80 62.70 35.60 
2.0 7.8 6.8 11 79 .33 
1. 1 0.6 0.4 0.3 0.5 0.3 ! 
I 
5.21 11. 01 I 
57 
-
Pl I Sl 
·28.90 129. 90 
20.63 I 16. 73 
-I 
1.80 : 2. 15 
.•.. 
5.9 ! 6.8 
I 1. 18· -0.90 
-- . 
<.01 I <. 01 
: -
-
I 
~.005 i ~.005 
--
<.01 ; < .01 
- I -
. --
. 152 t .235 
' 
.030 I .046 ! 
---I 
19.20 129.70 
49 j 230 
-
0.4 i 0. 3 
I 
i 
surface/bot tom 
1 n meters 
58 1980 Lynnhaven River Slack Water Run Data 
Date: 8 Sept. 1980 Time: 8.1 - 9.7 
;Eastern Branch 
- .. 
·,Lit ions 
----
;1 noerature 
"~,1linfty 
:rn0: 
::> 
- ·~-r:o 
-- --T~.\ 
-·--
~f-1 -N 4 
~~o -N 2 
·Ncf?,N03-N 
Tota 1- P 
0-r"fho- P 
ChTorophyl l 
Fecal Co 1 i fonn 
Secchi Depth** 
BODm 
i ! 
i 
··--
es tern Branch 
-· 
t:ations 
-· - ~ --· 
--· -· -
:~ .... pera ture 
aTTn 1 ty 
- .• 
,-· ~-. 
\ ~ . 
") 
•... ---~ 
I"'\ 
, .. 
; ~ I, 
I' 
_, 
--·-· i: ri 
---··-
·L-~l 
4 
·, ;-N 
,. 
: Cl.-'.°. :~·o 3- N 
~-, ~:.~1 l - p 
:;·tho-P 
-r.-i o rophyl l 
'\: ca 1 Co 1 i form 
,·e-c-ch i Depth** 
;QD oo 
1* 
26. 17/26.07 
25.77/25.89 
1. 45/ o. 80 
6.6 I 6.8 
.41/ .46 
.028/.011 
<.005/<.005 
<,01 /2._. 01 
.050/.064 
.016/.018 
7.30/8.10 
2.0/10 
1. 1 
Wl W2 
26.07 26. 17 
25.68 25.49 
1. 10 0.95 
- 6.9 
.48 .63 
.023 . 163 
<.005 c:;.005 
<.01 <.01 
2 
26. 17 
25.70 
0.80 
6.7 
.40 
.052 
<.005 
<.01 
-
.068 
.026 
5.99 
1. 8 
0.8 
2.49 
W3 
27.07 
24.86 
1 .. 60 
6. 1 
.76 
I <.01 
3 4 
26.96 27.07 
25. 13 24.93 
0.95 1.35 
6.7 5.4 
.45 .80 
.084 . 129 
2._.005 <.005 
<.01 <.01 
- -
.070 . 115 
.034 .029 
7.50 14.40 
7.8 7.8 
0.7 
W4 W5 
27.66 26.50 
24.62 23.06 
2.35 5.95 
7.4 5. l 
.79 1. 76 
5 6 Pl l---S_l_ 
27.26 26.70 27.36 I 21 ~-07 __ 
24.36 23.92 24.38 ! 24. 06 
--
! 1.90 2.70 1. 50 I 3.20 i 
5.3 5.5 5.4 I -: 
.80 .92 .74 
t-·--· 
! .22 
<.01 .068 .060 I <.01 
2._.005 2._.005 ! 2._.005 i 2._.005 
<.01 <.01 <.01 I <.01 
- - - -
-·· 
. 121 . 156 . 121 I .455 
--·-
.024 .027 
.043 I .031 
17.50 19,40 15.40 J~30 _ 
79 130 17 49 
--.-----
0.4 0.5 0.4 I 0.3 
.. 
4.95 ! 
-
Bl 
27.66 
* surface/bottom 
24.22 l ** in meters 
4.20 
7.3 
1. 19 
<.01 .004 <.01 
-
I 2._.005 I <.005 <.005 <.005 ! 
I <.01 I <.01 <.01 ~.01 t I I 
.052 .070 • 105 . 182 .341 .231 
.018 .021 I .023 .042 .071 .066 
7.00 4.70 11.80 18.80 36.00 28.20 
2.0 17 113 70 49 I 49 
1. 4 1. 0 o.s 0.3 0.3 0.3 
2.20 8.47 
1980 Lynnhaven River Slack Water Run Data 59 
Date: 29 Sept. 1980 
Eastern Branch 
~ ---
Stations l* 2 
len1pe ra tu re 22.50/22.70 22.30 
Salinity 26.33/26.34 26.32 
BOD5 1 .30/ l .50 1.35 
·oo 7.4 I 9.4 7.2 
TKN 
.60/ .65 .60 
NH 4-N . l 0/ .05 .08 
N02-N , .009/ .009 .008 
N0 2&N03-N .02/ .02 .02 
"rota 1- P 
.085/ .100 .069 
-0-r-tho-P 
.020/ .016 .017 
Ih 1 orophyll 9.90 /14.20 11.80 
Fecal Coli fonn 13 / 7 .8 13 
secchi Depth** 0.7 0.9 
tf6o-(Q 5.48 
~-
Wes tern Branch 
Stations Wl W2 W3 
l_r_empera ture 22.65 22.20 21. 70 
I Salinity 26 .18 26.06 25.92 
BOD5 1.70 1.60 1.75 
DO 8 .1 7.6 7.5 
TKN 
.64 .66 .69 
NH 4-N .07 .05 .02 
tib 2- N .009 .008 .006 
1N02&N03-N .02 .02 .01 
Tota 1-P 
.096 .100 .100 
Ortho-P 
.027 .016 .020 
Ch 1 o rophy 11 10.00 10.90 14.20 
Feca r1o-n form 13 79 13 
,~ecchi Depth** 0.6 0.6 0.7 
Pi0Doo 
Ti me: 14. 3 - 15 .6 
-
3 4 5 6 Pl Sl 
--· 
.• 
22.10 22. l 0 21. 70 21 .60 21 .50 21 .50 
26.25 26.12 
1.70 1.70 
7.4 7.6 
.64 .68 
.03 < .01 
.007 .007 
.02 .02 
.089 .096 
.009 .01 
11.80 14 .. 20 
4.5 33 
0.6 0.6 
W4 W5 
21 .60 21 .40 
25.44 20.65 
2.35 6.70 
8.7 13 .2 
.82 1.38 
<.01 < .01 
<.005 <.005 
<.01 <.01 
.153 .287 
.032 .084 
20.50 56.80 
33 170 
0.7 0.6 
25.84 
l .90 
8.3 
. 71 
~.01 
<.005 
< .01 
.077 
.013 
14.80 
11 
0.6 
4.94 
Bl 
21 .50 
24.60 
4.05 
10.2 
.92 
<.01 
<.005 
-
<.01 
-
.159 
.050 
2:7. 70 
1:30 
0.7 
6.46 
25.09 25.37 24.94 
2.90 2 .15 2.85 
8.2 8.2 8.9 
.80 .76 .77 
<.01 <.01 < .01 
<.005 <.005 <.005 
< .01 < .01 < .01 
.110 .091 .124 
.019 .017 .016 
22.50 21.00 . 21 . 40 
70 11 49 
0.6 - 0.4 
4.72 I 
* surface/bottom 
** in meters 
I 
I 
I 
I 
I 
! 
j 
60 1980 Lynnhaven River Slack Water Run Data 
Date: October 1980 
I 
Eastern Branch 
-·--· 
Stations 1* 2 
Temperature 22.50/22.40 22.40 
Salinity 
1BOD5 0.70/0.90 0.70 
DO 7.6 /7.4 7.2 
jTKN 
.56/ .50 .64 
NH4-N .09/ .11 .11 
JW2-N .008/.007 .008 
\ f,0 2&~l0 3-N .021/.021 .022 I - .. --· 
i Totd 1- P 
.062/.068 .070 I ! o"r-th·o- P 
.019/.027 .024 
jthiorophyl l 5.70/5.00 4.60 
! Fecal Coli fonn 6.8 /17 ID 
\SeCchi Depth** 1.0 0.9 
. r~oo flt) 2.77 i 
! 
]He5tern Branch 
i -~ --
I(' tat i ans Wl ~,2 W3 I - . =-=..----
j frmpera ture 22.10 21 .60 21. 50 
1saYfoity 
1rroo 5 0.85 1.15 1.00 
DO 7. 1 6.9 8.0 
-- --TKN 
.53 .64 .75 
. --NH 4-N .15 .12 .19 
N02-N .005 .006 .007 
\ ~i6 2&N03-N 
.018 .021 .024 
I LT_~ ta 1-P .066 .095 .124 
IOrtho-P 
.037 .047 .043 
\ ch 1 o ·ro P 1, Y 11 4.40 7.20 7.40 
I 
I (e"c:a·t Coli form 17 33 23 
$ecchi Depth** 1.0 0.7 0.7 
f10Doo 3.88 
-
Ti me : 1.6 . 0 - 1 7 . 5 
3 
21. 70 
1.25 
6.6 
.67 
.08 
.005 
.019 
.124 
.027 
8.10 
33 
0.9 
W4 
21 .50 
1. 70 
7 .1 
.73 
.06 
.006 
.017 
.143 
.068 
7.40 
330 
0.8 
4 5 6 Pl Sl 
21 .60 21 .50 21 .60 21 .60 21.70 
1.55 1.50 1.40 1.65 1.75 
6.8 7.2 6.9 8.0 7.3 
.71 .68 .74 .70 .80 
.08 .05 .03 .06 .04 
.006 .006 .005 <.005 .005 
.019 .016 .021 .015 .016 
.107 .105 .099 .101 .132 
.027 .024 .029 .032 ! .055 
I 
7.00 n 3.10 14.40 11 .80 . 14.80 
49 179 B30 030 1300 
0.7 0.6 0.8 0.6 0.6 
4.42 ! 
ws Bl 
21 .80 21. 60 * surface/bottom 
** in meters 
5.25 2.30 
7.7 6.9 
1.23 .94 
< .01 .07 
.006 .006 
.021 .022 
.256 .209 
.057 .114 
37.60 19 .20 
2800 490 
0.4 0.6 
5.06 
I 
I 
I 
! 
I 
' ; 
1980 Lynnhaven River Slack Water Run Data 61 
Date: 7 October 1980 
Eastern Branch 
Stations l* 
·Temperature l 9 . 30 /l 9 . 30 
Sa 1 i ni ty 
BOD5 0.40/ 0.60 
DO 6.9 I 6.9 
TKN 
.60/ .67 
NH4-N .17 / .16 
N02-N .009/ .010 
. N0 2Mm 3-N .029/ .028 I Tota 1- P 
.053/ .053 
·ortho-P 
.019/ .023 
Ch fo ro-phy 11 3.90 I -
-Fee al Coli fonn 4.0 /13 
Secchi Depth** 0.9 
IBODm 
Hes tern Branch 
S tJ ti ons Wl ~, 2 
-· 
- -----· T c·n:pc ra tu re 18 .10 17.50 
\.11 inTiy 
~-· -
BOD5 0.65 l.00 
DO 7.0 7.0 
iKM 
.60 .63 
NH 4-N .16 .14 
N0 2-N .011 .010 
N0 2&N03-N .042 .044 
Tota 1-P 
.·ass .065 
Or tho- P 
.027 .023 
chTorophyl l 3.70 6.60 
rc·c-a·l-Col i form 11 49 
~(ecchi Depth** 1.0 0.9 
CODoo 
-
Time: 7.2 - 9.1 
2 3 4 5 
18.80 18.40 17.50 16.BO 
0.45 0.65 0.95 2. '10 
7.4 7.0 
-
7.0 
.48 .68 .78 .82 
.14 .16 .15 < .01 
.011 .011 .007 <.005 
.037 .043 .027 .005 
.042 .069 .075 .1.52 
• 031 .016 .018 .023 
4. 10 6. l 0 8.40 12 . 1io 
6.8 17 6.8 14 
0.9 0.7 0.7 0.5 
W3 W4 ws Bl 
17 .40 17. 70 16.50 17.20 
1.15 1.75 3.60 3 .10 
7.4 7.8 7.0 8.0 
.64 .84 1.41 1.18 
.08 .08 < .01 .10 
.030 .021 <.005 <.005 
.008 .006 <.005 .005 
.077 .122 .194 .179 
.030 .046 .056 .065 
7.60 10. 70 
-
15. 90 
33 79 110 110 
0.8 0.5 0.7 0.5 
6 Pl Sl 
16.80 16.80 16.60 
2. l 0 l.60 2.20 
7.2 7.3 6.2 
. 77 1.00 .84 
<. 01 .10 .07 
<.005 <.005 <.005 
- -
<.005 <.005 <.005 
-
.081 .130 .095 
.016 <.010 <.010 
13. 30 14.40 14.40 
79 49 79 
0.7 0.6 0.5 
* surface/bottom 
** in meters 
I 
I 
I 
; 
62 
Appendix B 
Data from the Intensive Surveys, 
September 26-27, 1980 
63 
Temperature (oC) 
Station 
Time 1,top l,btm 2 4 5 W2 W4 6 W5 
9/26 0700 26.8 25.5 
0800 24.8 25.3 25.1 27 .o ~~J 25.6 
25.0 25.3 24.9 0900 24.8 24.9 24.9 27.1 25.5 
1000 24.9 24.9 24.8 25.4 25.5 
1100 24.9 24.7 24.9 25.6 25.8 25.6 
1200 25.3 25.1 25.1 25.9 25.9 
1300 25.5 25.4 26.2 26.2 25.6 
25.2 
1400 25.7 26.9 25.4 26.4 26.4 26.1 
1500 25.8 25.5 25.3 26.6 26.4 25.9 
1600 2.5.7 25.9 25.5 26.6 26.3 26.2 
1700 25.3 25.2 25.5 26.2 25.9 25.9 
1800 25.4 25.2 25.3 25.9 25.6 25.4 
1900 25.0 24.8 25.0 25.8 25.5 25.1 
2000 24.4 24.6 24.5 26.4 
25.4 25.4 
2100 24.3 24.3 24.1 25.1 25.1 24.0 
2200 24.2 24.3 24.6 24.6 24.8 24.1 
2300 24.2 24.2 24.5 24.5 23.7 
23.9 
9/27 0000 23.9 24.4 24.1 23.9 24.1 24.1 
0100 23.6 23.5 23.9 23.8 23.3 23.3 
0200 23.9 22.9 23.7 24.7 24.7 23.3 
0300 22.8 22.7 23.3 24.6 22.7 
0400 23,1 22.5 42.9 22.6 22.2 22.2 
0500 23.3 22.4 22.6 22.2 22.3 
21.9 
0600 23.2 23.4 22.1 21.5 21.0 21.8 
0700 21.5 22.5 
22.0 21.8 22.5 21.1 
0800 23.1 23.0 23.4 21.8 21.4 22.2 
0900 23.5 23.4 23.6 22.0 21. 7 21.8 
21.2 
1000 21.4 
64 
Salinity, parts per thousand 
Station 
Time l,top l ,btm. 2 4 5 W2 W4 6 W5 
9/26 0700 25.5 26.0 
23.5 25.3 23.8 
0800 25.9 25.3 25.4 25.1 23.6 23.6 21.0 
0900 26.3 17.1 23.6 26.0 26.3 
1000 18.0 26.3 26.2 27.9 27.0 
1100 26.3 26.2 26.5 26.2 25.5 27.4 
1200 26.3 26.3 26.2 25.9 25.4 
1300 26.3 26.2 
26.1 
25.4 25.2 26.1 
1400 26.1 25.2 26.0 25.0 24.5 24.7 
1500 25.9 25.9 25.6 24.6 24.1 25.3 
1600 25.4 25.3 25.3 24.0 23.3 23.3 
1700 25.7 25.6 25.2 23.5 21. 7 25.0 
1800 25.5 26.0 25.5 23.4 21.8 22.3 
1900 25.9 26.1 26.1 24.5 22.5 25.4 
2000 26.3 25.7 26.3 25.1 
24.9 24.8 
2100 26.4 25.8 26.2 25.4 24.9 26.1 
2200 26.4 25.4 25.9 26.1 25.3 25.5 
2300 26.4 25.9 25.7 26.3 26.6 
25.0 
9/27 0000 26.3 25.8 25.9 25.6 25.1 25.4 
0100 26.5 26.1 25.9 25.5 24.8 26.1 
0200 26.4 25.6 25.2 25.1 24.6 24.6 
0300 26.2 25.8 25.4 24.8 23.5 25.7 
0400 26.4 25.8 25.7 24.4 23.2 23.3 
0500 26.3 25.6 25.2 24.9 
22.8 
25.1 
0600 26.4 26.0 27.0 23.6 22.1 22.1 
0700 24.2 25.3 
25.9 26.0 26.0 22.6 
0800 26.3 25.8 23.5 25.1 23.5 24.6 
0900 26.1 25.9 25.5 25.3 25.2 26.0 
14.3 
1000 22.9 
65 
CBOD5 , mg/R. 
Station 
Time 1,top l ,btm. 2 4 5 W2 W4 6 W5 
9/26 0700 1.15 2.10 
.70 .90 1.80 
0800 .80 1.60 
0900 .90 .75 .80 
1000 • 85 1.00 1.10 1.20 1.40 
1100 1.25 
1200 
1300 1.60 1.45 1.95 2.50 1.40 
1.30 
1400 2.30 
1500 1. 70 
1600 1.55 1.45 1.55 3.00 2.80 4.10 
1700 2.50 
1800 4.35 
1900 1.65 1.40 1.35 2.30 3.10 1.65 
2000 
2.80 
2100 1.10 
2200 .85 .85 .95 1.35 1.20 1.65 
2300 1.30 
9/27 0000 1.35 
0100 2.20 1.50 1.10 
0200 2.10 
0300 1.10 
0400 1.35 2.15 1.15 1.80 2.20 1.90 
0500 1.50 
0600 3.90 
0700 2.20 1. 75 
1.05 1.10 1.00 2.45 
0800 2.60 
0900 1.25 
6.20 
1000 2.95 
66 
Dissolved Oxygen, mg/i 
Station 
Time 1,top 1,btm. 2 4 5 W2 W4 6 W5 
9/26 0700 5,27 4.90 
7.82 5.54 4.62 
0800 5.90 5 .11 5. 77 4.70 
6.66 5.58 5.90 
0900 6.04 5.98 2.14 6.83 5.57 6.08 
1000 6.08 7.00 6.32 6.53 6.87 5.04 
1100 7.12 5. 72 6.60 7.12 7.42 6.24 
1200 6.60 6.56 5.30 7.58 8.04 6.74 
1300 7.02 8.04 7.62 8.70 7.80 
1400 7.46 7.66 10. 74 8.66 8.96 7.94 
1500 7.44 6.98 7.12 9.49 8.44 8.64 
1600 7.58 7.46 6.70 9.07 7.48 9. 80 
1700 7.30 7.22 7.62 8.96 6. 71 8.30 
1800 7.46 7.14 7.36 8.36 6.93 9.60 
1900 7.20 7.28 7 .04 8.38 7.36 6.74 
2000 6.22 7.28 6.82 7.46 
7.30 7.46 
2100 5.46 4.92 6.12 7.10 8.04 6.54 
2200 6.20 6.26 6.68 7.10 7.12 6.60 
2300 7.14 7.54 6.50 7.60 6.44 
7.06 
9/27 0000 6.10 6.56 6.38 7.56 6.86 6.68 
0100 8.26 7 .96 5.60 6.61 7.10 6.46 
0200 6.14 7.94 6.60 6.89 6.35 6.50 
0300 6.38 6.12 6.40 6.98 6.57 6.90 
0400 6.20 6.16 6. 72 6.43 5.65 7.04 
0500 6.24 7.96 6.08 5.51 6.32 
7.94 
0600 6.20 8.08 6.06 5.79 5.05 6.54 
0700 6.38 6.38 5.23 6.62 
6.82 4.80 
0800 6.76 6.58 6.42 6.13 6.43 
0900 6.36 6.44 6.50 6.40 6.60 
8.36 
1000 6.06 
67 
TKN, mg/9., 
Station 
Time 1,top l ,btm. 2 {+ 5 W2 W4 6 W5 
9/26 0700 .93 .86 
0800 .56 .62 .45 .90 
0900 .62 .65 • 77 .98 
1000 
1100 .60 .68 .57 .61 .69 .68 
1200 
1300 .64 .76 • 77 • 72 
1400 • 71 .87 
1500 .65 • 71 .68 . 85 1.02 .78 
1600 .81 1.10 1.24 
1700 .64 .65 .63 .88 1.47 • 77 
1800 1.29 
1900 • 72 ,64 .82 . 1.14 .78 
2000 .76 
2100 • 84 • 72 .62 .83 .85 .96 
2200 .64 
2300 .75 .79 .66 .53 .63 
9/27 0000 • 71 .73 
0100 .55 .56 .53 .68 .69 .64 
0200 .74 
0300 .62 .54 .66 • 80 . 85 .91 
0400 .64 
0500 .57 .74 • 72 .94 1.03 
0600 .94 .90 
0700 • 86 1.40 
0800 .68 .74 .72 • 77 .81 
0900 .70 .66 .63 .92 .88 • 72 
1000 1.10 1. 74 
68 
Ammonia N, mg/!l 
Station 
Time 1,top 1,btm. 2 4 5 W2 W4 6 W5 
9/26 0700 .06 .14 
0800 .08 .06 .07 .07 .14 
0900 .08 .07 .05 .06 
1000 
1100 .04 .09 .08 .04 <.01 .07 
1200 
1300 .09 .10 <.01 <.01 .05 
1400 .06 .05 
1500 .05 .07 <.01 <.01 .03 .06 
1600 <.01 .22 .01 
1700 <.01 .04 <.01 <.01 <.01 .02 
1800 .12 
1900 .09 .02 <.01 <.01 <.01 .06 
2000 .01 
2100 .15 .14 .11 .03 <.01 .02 
2200 .06 
2300 .20 .18 .12 .03 .02 
9/27 0000 .02 .03 
0100 .15 .08 .16 .01 .02 .04 
0200 .06 
0300 .15 .15 .04 .03 .03 .03 
0400 .03 
0500 .04 .10 .02 .02 <.01 
0600 .10 .04 
0700 .05 <.01 
0800 .10 .14 .15 ,08 .03 
0900 .14 .20 .09 .05 .05 .10 
<.01 
1000 .01 
69 
Nitrite-Nitrate N, mg/t 
Station 
Time 1,top l ,btm. 2 4 5 W2 W4 6 W5 
9/26 0700 .03 .04 
.02 .01 .06 0800 .01 .OS 
0900 .01 .01 .02 .03 
1000 
1100 .01 .01 .01 .02 .02 .02 
1200 
1300 .01 .02 .02 .03 .03 
.01 1400 .OS 
1500 .02 .02 .01 <.01 .03 .04 
1600 .01 .03 .06 
1700 .02 .02 .01 .01 .06 .04 
1800 .06 
1900 .02 .02 .01 .01 .04 .04 
2000 
2100 .02 .02 .02 .01 .01 .04 .03 
2200 .031 
2300 .02 .02 .02 .02 .04 
9/27 .02 0000 .03 
0100 .02 .02 .02 .01 .02 .04 
) 
0200 .04 
0300 .02 .02 .01 .01 .03 .04 
0400 .03 
0500 .01 .02 .01 .02 .04 
0600 .04 .04 
0700 .02 .04 
.02 .02 .01 .04 0800 .04 
0900 .02 .02 .02 .02 .02 .03 
.003 1000 .03 
70 
Nitrite N, mg/'l 
Station 
Time l,top l,btm. 2 4 5 W2 W4 6 W5 
9/26 0700 2_.005 <.005 
0800 <.005 <.005 2_.005 <.005 ~.005 
0900 <~005 ~.005 2_.005 2_.005 
1000 
1100 .006 .005 .005 .006 .005 .006 
1200 
1300 .006 .005 .005 .006 .005 
1400 .005 .008 
1500 .007 .005 .005 2_.005 2_.005 .008 
1600 <.005 .005 .008 
1700 .005 <.005 2_.005 2_.005 .005 .006 
1800 .007 
1900 2_.005 .005 <.005 <.005 .005 .006 
2000 .005 
2100 .006 .006 .007 <.oo5 <.005 .006 
2200 .006 
2300 .006 .007 .005 <.005 .011 
9/27 0000 <.005 .007 
0100 .006 <.005 .005 <.005 <.005 .007 
0200 .006 
0300 .005 .007 2_.005 <.005 .005 .006 
0400 .008 
0500 .009 .007 .007 .008 .009 
0600 .008 .007 
0700 .007 .009 
0800 .006 .010 .008 .006 .009 
0900 .010 .009 .009 .007 .008 .009 
1000 .009 <.005 
71 
Total P, mg/t 
Station 
Time l,top 1,btm 2 4 5 W2 W4 6 W5 
9/26 0700 .19 .15 
.09 .07 .20 0800 .09 .20 
0900 .10 .09 .12 .17 
1000 
1100 .07 .09 .09 .10 .11 .10 --: 
1200 
1300 .08 .08 .10 .12 .12 
1400 .09 .18 
1500 .08 .09 .10 .14 .18 .14 
1600 .17 .17 .22 
1700 .09 .09 .10 .17 .26 .17 
1800 .27 
1900 .11 .12 .08 .15 .20 .14 
2000 .15 
2100 .14 .11 .09 .16 .17 .19 
2200 .12 
2300 .13 .12 .09 .09 .12 
9/27 
.11 0000 .11 
0100 .07 .07 .07 .10 .12 .13 
0200 .17 
0300 .10 .09 .08 .12 .13 .16 
0400 .12 
0500 .08 .11 .11 .16 .20 
0600 .17 .17 
0700 .14 .24 
0800 .10 .10 .10 .20 .15 
0900 .08 .11 .10 .18 .16 .11 
.34 
1000 .17 
72 
Ortho P, mg/t 
Station 
Time 1,top l,btm. 2 4 5 W2 W4 6 W5 
9/26 0700 .03 .06 
.02 .02 .04 0800 .02 .09 
0900 .02 .02 .03 .03 
1000 
1100 .02 .04 .02 .02 .02 .03 
1200 
1300 .02 .02 .02 .02 .03 
.02 
1400 .07 
1500 .02 .02 .02 .03 .02 .05 
1600 .02 .02 .10 
1700 .02 .03 .02 .02 .03 .06 
1800 .12 
1900 .02 .02 .02 .02 .02 .05 
2000 .05 
2100 .03 .03 .03 .02 .02 .06 
2200 .05 
2300 .03 .03 .03 .02 .05 
9/27 0000 .03 .03 
0100 .03 .02 .03 .02 .02 .05 
0200 .07 
0300 .03 .04 .02 .03 .03 .06 
0400 .05 
0500 .02 .02 .03 .02 .07 
.03 
0600 .06 
0700 .02 .08 
.02 .02 .02 .02 0800 .05 
0900 .02 .03 .03 .02 .02 .04 
1000 .02 .06 
73 
Chlorophyll a, µg/R, 
Station 
Time 1,top l ,btm. 2 4 5 W2 W4 6 W5 
9/26 0700 8.5 7.4 
5.0 8.1 16.6 0800 10.0. 13.5 
0900 7.6 7.9 8.0 17.3 21.0 
1000 
1100 10.7 9.6 9.6 13.5 22.3 11.6 
1200 
1300 7.4 9.2 17.5 24.9 13.1 
1400 13.5 25.8 
1500 13.5 11.6 18.0 24.5 28.2 20.1 
1600 26.2 27.3 35.6 
1700 10.9 11.4 14.4 26.2 24.5 21..8 
1800 34.9 
1900 14.6 15.4 12.1 19.2 24.0 14.0 
. 
2000 21.2 
2100 6.8 6.6 7.4 13.1 14.8 7.4 
2200 9.4 
2300 6.8 7.2 8.7 10. 3 9.0 
9/27 0000 
12.2 
11.8 
0100 5.7 7.0 5.9 11.4 12.7 8.5 
0200 18.3 
0300 8.3 9.4 8.7 12.7 15.3 9.6 
0400 25.6 
0500 6.1 8.8 7.6 14.4 12.9 
12.4 
0600 34.1 
0700 14.2 14.2 
0800 8.5 8.3 8.5 16.4 24.9 
0900 8.1 8.3 8.1 16.8 16.8 8.3 
59.0 
1000 24.0 
/ 
74 
Fecal Coliform, MPN/100 ml 
Station 
Time 1,top 1,btm 2 4 5 W2 W4 6 ws 
9/26 0700 230.0 1300.0 
0800 7.8 7.8 23.0 4900.0 3300.0 
0900 6.8 490.0 
1000 13.0 6.8 49.0 170.0 220.0 
1100 130.0 
1200 330.0 
1300 130.0 700.0 330.0 
1400 49.0 33.0 33.0 490.0 
1500 330.0 
1600 49.0 130.0 460.0 790.0 2800.0 790.0 
1700 330.0 
1800 3300.0 
1900 330.0 2300.0 230.0 
2000 31.0 
2100 70.0 1100.0 
2200 4.5 2.0 130.0 170.0 130.0 
2300 46.0 
9/27 0000 330.0 
0100 230.0 110.0 330.0 230.0 
0200 1100.0 
0300 130.0 
0400 23.0 49.0 230.0 490.0 330.0 3300.0 
0500 230.0 
0600 3300.0 
0700 33.0 33.0 79 .0 460.0 330.0 
0800 490.0 790.0 
0900 46.0 
1000 790.0 790 .o 
75 
Secchi Depth, meters 
Stations 
Time 1 2 4 5 W2 W4 6 W5 
9/26 0700 1.0 .4 .3 .4 
0800 .8 .4 .3 .4 
.7 :a 0900 .8 .4 .4 
1000 .9 .6 .4 
1100 .7 .9 .5 .5 .5 
1200 .7 .7 .5 .5 
.6 
1300 .8 .5 .5 .5 
1400 .7 .5 .4 .3 
1500 .6 .5 .4 .3 .4 
1600 .6 .5 .4 .3 .3 
1700 .7 .5 .4 .2 .4 
1800 .2 
1900 
2000 
2100 
2200 
2300 
9/27 0000 
0100 
0200 
0300 
0400 
0500 
0600 
0700 
.2 
0800 .5 .8 .2 .3 
0900 .6 .8 .4 .3 .5 
1000 .4 
76 
Appendix C 
Time Series Comparisons of Slackwater 
Survey Data with Model Predictions - Model Validation 
30 
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STAT I ON 2 SALINITY PREDICTION(-) VS. DATA C+> 
0.6 
0.4 
+ + 
+ 
0 -~ • C. 
0.0~--------.-----,.----............ ----------------------------------
0 50 100 150 200 
- APR - f1AV - JUNE - .JULV - AUG -- SEPT -OCT-
STAT ION 2 OPG. NITROGEN PRED1CTION C-) US. DATA C+) 
.....J 
co 
0.15 
+ 
+ 
0.10 
+ 
+ 
0.05 + + 
r- ~ J\ 
0.00 ~ ~ '----+~ + + I I I I I I I I I I I I I 
0 50 100 150 200 
- APR - MAY - JUNE - JULV - AUG - SEPT -OCT-
STATION 2 NH4 NITROGEN PREDICTION C-) US. DATA(+) 
0.05 
0.04 
0.03 
0.02 
0.01 
+ 
+ + + + 
+ 
+ 
0. 00--+---------------------------
0 50 100 150 200 
- APR - MAY - JUNE - JUL V - AUG - SEPT -OCT-
STAT I ON 2 N03 NITROGEN PREDICTION(-) US. DATA C+) 
CX) 
0 
0.10 
0.08 
+ 
0.06 
0.04 + 
0.02 
0.00-+-I ----------, -----------, -1---,---------, -,----,----------, --1 
0 50 100 150 200 
- APR - MAV - JUNE - JUL V - . AUG - SEPT -OCT-
STAT I ON 2 TOTAL PHOS. PREDICTION(-) VS. DATA C+) 
CX) 
...... 
0.04 
0.03 + 
0.02 
+ 
0.01 
0. 00--+---T---.--------------------
0 50 100 150 200 
APR - MAY - JUNE - JUL V AUG - SEPT -OCT-
STATION 2 ORTHO PHOS. PREDICTION(-) VS. DATA(+) 
20 
15 
10 
+ 
+ 
·s 
+ ++ + + 
0 ~ I I I I I I I I I I I I I 
0 50 100 150 200 
- APR - MAV - JUNE - JULV - AUG - SEPT -OCT-
STATION 2 CHLOROPHYLL PREDICTION C-) VS. DATA(+) 
CX) 
w 
5 
4 + 
3 
+ 
2 
+ 
1 
+ 
+ 0--+---------------------.----.----.---
0 50 100 150 200 
- APR - MAY - JUNE - JULY - AUG - SEPT -OCT-
STAT I ON 2 CBOD PREDICTION(-) US. DATA(+) 
10 
8 
6 
4 
+ 
+ 
I 
50 
+ 
+ 
I I I I I I I I I I I I 
100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STATION 2 DISSOLVED OXVGEN PREDICTION(-) VS. DATA(+) 
co 
Ul 
+ 
0 50 100 150 200 
- APR - MAY - JUNE - JULY - AUG - SEPT -OCT -
STATION 2 COLIFORMS PREDICTION C-) US. DATA(+) 
30 
25 + 
20 
15 
+ 
10-1.....--------------1----------,----1--1---,--,----, ---, ---, --,---,---,-..., 
0 50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STATION ~ SALINITV PREDICTION(-) VS. DATA C+) 
CX) 
......J 
0 Q • '.J 
0.6 
0.4 
0.2 
+ 
+ + 
..i-
i 
+ 
+ 
n I 
;~ 
0 50 100 150 200 
APP - f'1AV - .JUNE - .JUL\' - AUG - SEPT -OCT-
STATION 4 ORG. NITROGEN PREDICTION(-) I.JS. DATA(+) 
CX) 
CX) 
0.15 + 
+ 
+ 
0.10 
+_ + 
0.05 
. [\___A /\ 
-I '----''--J + v.+ -. '-' "--.J ~ + 
0.00-1+---1 ----, ----. -, -. -,-,-. -,--,~.~,-...--..,~, 
+ 
0 50 100 150 200 
- APR - rlAV - JUNE - JUL V - AUG - SEPT -OCT-
STATION 4 NH4 NITROGEN PREDICTION<-> VS. DATA(+) 
co 
'.D 
0.05 
0.04 
0.03 
0.02 
0.01 
+ 
+ 
0 50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT -
STATION 4 N03 NITROGEN PREDICTION C-) VS. DATA(+) 
\.0 
0 
0.15 
+ 
+ 
+ + 
0.10 + + 
+ 
0.05 
0.00-~....------------,-------------,--,----1---1---1---,---, --, --, --, --,--, 
0 50 100 150 200 
- APR - PlAV - JUNE - JUL V - AUG - SEPT -OCT-
STATION 4 TOTAL PHOS. PREDICTION C-) US. DATA(+) 
0.05 
+ 
0.04 
0.03 + 
0.02 
0.01 + 
0.00--.-------------------------------------------------------
0 50 100 · 150 20.0 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STAT I ON 4 ORTHO PHOS. PREDICTION(-) US. DATA(+) 
E0 
15 
10 
5 
+ 
0 
I 
50 
I I I I I I I I j I I I 
100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STATION 4 CHLOROPHYLL PREDICTION C-) VS. DATA C+> 
5 
4 
3 
2 
+ 1 
+ 
+ 
+ 
+ 
+ 
0--+-------------------------
0 50 100 150 200 
- APR - MAY - JUNE - JULY - AUG - SEPT -OCT-
STATION 4 CBOD PREDICTION(-) VS. DATA(+) 
10 
8 + + 
6 + + + 
+ 
4 
2~--------------------------
0 50 100 150 200 
- APR - f'lAV - JUNE - JUL V - AUG - SEPT -OCT -
STATION 4 DISSOLVED OXVGEN PREDICTION C-) US. DATA(+) 
+ 
~. 
10 + + 
0 50 100 150 208 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STAT I ON 4 COLIFORMS PREDICTION C-) US. DATA(+) 
30 
25 
+ 
20 
15 
10-i~------------, -1~------, ---1 -,---,----,.....il~I ---, -,---,---,---, --, 
0 50 100 150 200 
- APR - r1AV - JUNE - JUL V - AUG - SEPT -OCT-
STAT I ON 5 SALINITV PREDICTION(-) VS. DATA C+) 
1.0 
+ 
0.8 + 
+ 
+ + 
0.6 + 
0.4 
0.2 
0.0~-,---.---.---.------------------,-~--,---,--~--r--r---r---, 
0 50 100 150 200 
- APR - MAY - JUNE - JUL V - AUG - SEPT -OCT-
STAT I ON 5 ORG. NITROGEN PREDICTION C-) VS. DATA C+) 
\.0 
00 
0.3 
+ 
0.2 
0.1 
0.0 ~~~-. ~-~ M N ._-r- "--J+ + 
I I I I I I I I 
0 50 150 200 
- APR - rlAV - JUNE - JUL V - AUG - SEPT -OCT-
STAT ION 5 NH4 NITROGEN PREDICTION C-) VS. DATA C+) 
\.0 
\.0 
0.08 
0.06 
0.04 
0.02 
+ 
0 50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT --
STAT I ON 5 N03 NITROGEN· PREDICTION(-) US. DATA C+) 
J,-l 
0 
0 
0.25 
+ 
0.20 + 
+ 0.15 + ++ 
+ 
+ 
0.10 
0.05 
0.0~-~..,__ _______ ,----,-1-,~,-,--, -, -, -, -, ---, --, 
0 50 100 150 200 
- .APR - PlAV - JUNE - JULV - AUG - SEPT -OCT-
STATION 5 TOTAL PHOS. PREDICTION(-) US. DATA(+) 
0.04 
+ 
0.03 
+ 
0.02 
0.01 
0.00-......----------------------
0 50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STAT I ON 5 ORTHO PHOS. PREDICTION(-) US. DATA C+) 
40 
30 
20 
10 
+ 
0 
I 
50 
I I I 
100 
I I I I I I 
150 200 
- APR - MAY - JUNE - JUL V - AUG - SEPT -OCT-
STAT I ON 5 CHLOROPHYLL PREDICTION(-) VS. DATA(+) .._. 
0 
w 
5 
+ 
4 
+ 
+ -t + 
3 
+ 
2 
1 
+ 
0--,...----------------------------------~ 
0 50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STAT l ON 5 CBOD PREDICTION<-> US. DATA(+) 
1'0 
+ 8 
6 
+ 
+ 
+ 
2-.-l~~-,-~--,---------,--,_,,_,,~,---,--1-.~.--1--,--,--, 
e 50 100 150 200 
- APR - MAY - JUNE - JULY - AUG - SEPT -OCT-
·sTAT I ON 5 DISSOLVED OXVGEN PREDICTION(-) US. DATA. C+) 
+ 
+ 
+ 
+ 
0 50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STATION 5 COLIFORMS PREDICTION<-) VS. DATA C+) 
30 
25 
20 
15 
10--+--~ ----, 1..---..} .....,..__J1,---------, -----1 ~I -----1 ,--.--l) ----1 I____,.., ~~It I
0 50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STAT I ON 6 SALINITY PR~DICTION C-) VS. DATA(+) 
2.5 
.-. 0 C •. 
1.5 
+ 
o.s ~ I 
u 
0.0--+---,..--,.----.------?"------------~-------------------~.--..--. 
! 
0 50 100 150 200 
APR .- MAV - JUNE - .JUL V - AUG - SEPT -OCT-
STATION 6 ORG. NITROGEN PREDICTION C-) VS. DATA(+) 
I-' 
0 
CX) 
0.5 
0.4 
0.3 
0.2 
0.1 ~ + ~ VJ + 0.0 
0 50 100 150 200 
- APR - 1'1AV - JUNE - JULV - AUG - SEPT -OCT-
STATION 6 NH4 NITROGEN PREDICTION C-> VS. DATA(+) 
0.8 
0.6 
0.4 
0.2 
0 50 100 150 200 
APR - MAV - JUNE - JUL V AUG - SEPT -OCT -
STATION 6 N03 NITROGEN PREDICTION C-> VS. DATA(+) 
I-' 
I-' 
0 
+ 
0.3 
0.2 + 
+ + 
0.1 
0.0 ~ -I ' I I I I I 0 50 100 150 200 
- APR - MAV - JUNE - JULV - AUG - SEPT -OCT-
STATION 6 TOTAL PHOS. PREDICTION C-) VS. DATA C+) 
0.1as 
0.100 
0.075 
0.050 
0.025 
+ 
0.000--+----------------------------------------------------
0 50 100 150 200 
- APR - MAV - JUNE - JULV - AUG - SEPT -OCT-
STATION 6 ORTHO PHOS. PREDICTION C-) VS. DATA(+) 
40 
30 
20 
10 
+ 
+ 
I I I I I \/ I I I •· I I 
50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STATION 6 CHLOROPHVLL PREDICTION(-) US. DATA C+) I-' 
I-' 
w 
10 
+ 
8 
6 
4 + 
2 
0~--------------------
0 50 100 150 200 
- APR - MAY - JUNE - JUL V - AUG - SEPT -OCT-
STATION 6 CBOD PREDICTION(-) US. DATA(+) 
10 
8 
6 
4 
2 I I 
0 
I I I I 
50 
+ 
+ + 
+ 
I I I I I I I I I I I I 
100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT -
STATION 6 DISSOLVED OXVGEN PREDICTION C-) US. DATA C+) 
+ 
+ 
+ 
0 50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STAT I ON 6 COLIFORMS PREDICTION C-) VS. DATA C+) 
30 
25 
20 
15 + 
10-~....,_..__,..___. ___ --.l ____________ l ___ • ___________ I _____________ I 
0 50 100 150 200 
- APR - MAY - JUNE - JUL V - AUG - SEPT -OCT-
STAT ION W2 SALINITY PREDICTION(-) VS. DATA(+) 
0.8 
+ 
+ 
0.6 
+ 
0.4 + 
0 .-, • C. 
0.0--+------r---.----.-----------.--------------.-----.~--------------------
0 50 100 150 . 200 
- APR - MA\' - JUNE - JULY - AUG - SEPT -OCT-
STAT I ON W2 ORG. NITROGEN PREDICTION C-) US. DATA C+) 
0.20 
+ 
0.15 
+ 
+ 
0.10 
+ 
0.05 + 
+ + 
j ---r~~~(\~ 
0.00-,.-.-.~------..--,,-----,.---------.--,,...---,.--,.-----------,1~--------------1 
0 50 100 150 200 
- APR - MAY - JUNE - JULY - AUG - SEPT -OCT-
STATION W2 NH4 NITROGEN PREDICTION(-) US. DATA(+) 
0.05 
0.04 
0.03 
,~ 02 
-· . ., 
0.01 
+ 
+ 
+ 
+ 
0 50 100 150 200 
- APR - MAY . - JUNE - JULY - AUG - SEPT -OCT-
STAT I ON W2 N03 NITROGEN PREDICTION C-) VS. DATA C+) 
0.15 + 
+ 
0.10 
0.05 
0.00 ~ I I I I I I I I I I I 
-·0 50 100 150 200 
- APR - MAY - JUNE - JULY - AUG - SEPT -OCT-
STATION W2 TOTAL PHOS. PREDICTION C-) VS. DATA(+) 
0.05 
0.04 
0.03 
~ ·~1 
"' . ·-· + + + 
0 50 100 150 
+ 
+ 
+ 
200 
- APR - MAY - JUNE - JULY - AUG - SEPT -OCT-
STATION W2 ORTHO PHOS. PREDICTION(-) US. DATA(+) 
20 
15 
+ ++ 
5 + 
0 1 I I I I 
0 50 100 150 200 
- APR - MAV - .JUNE - JULY - AUG - SEPT -OCT-
STATION W2 CHLOROPHYLL PREDICTION C-) US. DATA(+) 
10 
8 + 
6 
4 + 
+ 
0--+------------------...-----.---.,---..,-~-....--...---
0 50 100 150 200 
- APR - MA\-' - JUNE - JULY - AUG - SEPT -OCT-
STAT I ON W2 CBOD PREDICTION(-) VS. DATA(+) 
10 
8 
+ 
6 + + + 
+ 
4 
2 --+----------1------,---------1-----.-----., 
0 s,j 100 150 200 
- APR - MAV - JUNE - JULY - AUG - SEPT -OCT-
STATION W2 DISSOLVED OXYGEN PREDICTION(-) US. DATA C+) 
+ 
+ 
+ 
10 
0 50 100 150 200 
- APR - MA\' - JUNE - JULY - AUG - SEPT -OCT-
STAT ION W2 COLIFORMS PREDICTION(-) VS. DATA(+) 
30 
25 
20 
15 
10 ~ + ~ I I I I I I I I I l I I 
0 50 100 150 200 
- APR - MAV - JUNE - JULV - AUG - SEPT -OCT-
STATION Y4 SALINITV PREDICTION C-) VS. DATA(+) 
0.8 
0.6 
I 
I 
I 
-4 
I I I 
0.4-i \ 
I 
: 
-i 
I 
i 
I 
0.2~ 
I 
' ~ 
+ 
+ 
+ + 
+ 
0.0-11-----------------1 _ _____, ____________ I-----------------, -----------------1 
0 so 100 150 200 
APR - MA', - .JUME - ,JUL'y' - AUG - SEPT -OCT -
STATION l.,J4 (1F.'.G. tHTR(,GEN PREDICTION ( - ) lJ:3. DATA ( +) 
0.2s 
0.20 
0.15 
0.10 
0.05 
0.00 ~ 
0 
+ 
~ 
Jl 
I 1 
+ 
~ i+AA {~~~y'~'I 
50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STATION U4 NH4 NITROGEN PREDICTION C-) VS. DATA(+) 
0.20 
0.15 
0.10 
0.05 
+ 
0 50 100 150 200 
APR - MAY - JUNE - JULY AUG - SEPT -OCT-
·sTATION W4 N03 NITROGEN PREDICTION C-) VS. DATA(+) 
0.25 
+ 
0.a0 + 
+ 
+ 
0.15 
0.10 
0.05 
0.00-l-+---...--.....----1----,-1-,~,-,--1 -, -, -, -, ---, ___,, 
0 50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STATION W4 TOTAL PHOS. PREDICTION(-) VS. DATA(+) 
...... 
w 
...... 
0.10 
0.08 
0.06 
+ 
0.04 + 
+ + 
0.02 
+ + 
0.00 
0 50 100 150 200 
APR - MAV - JUNE - JULV AUG - SEPT -OCT-
STATION W4 ORTHO PHOS. PREDICTION C-) US. DATA(+> 
40 
30 
20 
10 
0 ~ I 
50 
I I I I I I I I I I I I 
0 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STATION W4 CHLOROPHVLL PREDICTION C-) US. DATA C+) 
8 
6 
+ 
4 
2 
0~----------------------------......--------
0 50 100 150 200 
- APR - MAY - JUNE - JUL V - AUG - SEPT -OCT-
STATION U4 CBOD PREDICTION C-) US. DATA C+) 
10 
+ 
8 + + 
+ 
6 
+ 
+ 
4 
2---+----or--....--....----,-----------------
0 50 100 150 200 
- APR - MAY - JUNE - JUL V - AUG - SEPT -OCT-
STAT I ON W4 DISSOLVED OXYGEN PREDICTION(-) VS. DATA(+) 1--' 
w 
Ul 
+ 
+ 
0 50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STAT I ON U4 COLIFORMS PREDICTION C-) VS. DATA(+) 
30 
25 
20 
1S 
+ 
10 -t-~ --------~~\/ --------~------_,._.II ~~ 1 r 1 1 , 1 
0 50 100 150 200 
- APR - MA'l - JUNE - JULY - AUG - SEPT -OCT-
STAT ION W5 SALINITY PREDICTION C-) US. DATA(+) 
2.0 
+ 
1.5 
+ + + + 
+ + 
1.0 
+ 
0.5 
0.0---+------------------------------------------------------
0 50 100 150 200 
- APR - MAV - JUNE - JUL V - AUG - SEPT -OCT-
STAT I ON WS ORG. NITROGEN PREDICTION(-) US. DATA(+) 
0.5 
0.4 
0.3 
0.2 
0.1 ~ ~ A fl. hA 
0,0 t I I~ ~\ ?= I ~~Y\ 1\1 I ~ 1\ t ~~ I I 
0 50 100 150 200 
- APR - MAV - JUNE - .JULY - AUG - SEPT -OCT-
STATION WS NH4 NITROGEN PREDICTION(-) VS. DATA(+) 
0.4 
+ 
0 50 100 150 200 
- APR - f1AY - JUNE - JULY - AUG - SEPT -OCT-
STAT ION WS N03 NITROGEN PREDICTION(-) VS. DATA C+) 
0.5 
0.4 
0.3 
+ 0.2 
0.1 
+ 
+ 
+ 
+ 
+ + 
+ 
+ 
0.0-~+-------,..--,----, --------------------1--,------------.,-------------.-, --, 
0 50 100 150 200 
- APR - MAY - .JUNE - JUL V - AUG - SEPT -OCT~ 
STATION WS TOTAL PHOS. PREDICTION(-) VS. DATA(+) 
0.15 
+ 
0.10 
+ 
+ 
0.05 + 
+ 
0. 00 --+--T""""~-------,.-------------------~-------, 
0 50 100 150 200 
- APR - f'1AY - JUNE - JULY - AUG - SEPT -OCT-
STAT I ON WS ORTHO PHOS. PREDICTION(-) VS. DATA(+) 
80 
60 + 
+ + 
40 
+ 
+ 
20 
1 
V 
0 ---t-------,---------1 --,-,--------1 --1--,--..h--1 
0 50 100 150 200 
- APR - MAY - JUNE - JULV - AUG - SEPT -OCT-
STATION WS CHLOROPHYLL PREDICTION(-) VS. DATA(+) 
12.s 
10.0 + 
+ ++ 
+ 
.., 5 
I • . + + 
5.0 
2.5 
0.0--1--------------------------------------------------.---------. 
0 50 100 150 200 
- APR - MA'y' - JUNE - JULY - AUG - SEPT -OCT-
STAT I ON WS CBOD PREDICTION(-) VS. DATA(+) 
'· 10 
+ 
8 
6 + + 
+ + 
4 
+ 
~ 
2 I I 1 I 
0 50 100 150 200 
- APR - f'1AY - JUNE - JULY - AUG - SEPT -OCT-
STATION WS DISSOLVED OXYGEN PREDICTION(-) US. DATA(+) 
0 50 100 150 200 
- APR - MAY - .JUNE - JULV - AUG - SEPT -OCT-
STAT ION WS COLIFORMS PREDICTION(-) VS. DATA(+) 

